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Camegie Mellon University

Software Engineering institute

August 17, 1993

Colleagues:

I'm pleased that you've chosen to read the Draft SEI Program Plans: 1994-1998 (also known as the
SEI 1&5 Year Plan). This document presents the SEI strategy and one-year implementation plan
for calendar year 1994, together with the SEI five-year program plans.

Every year, we prepare a similar document to submit to our sponsor as a contract deliverable. This
year and for the first time, we decided to make this version available for public release. This
document provides an insight into the direction of the SEI and our planned activities, products, and
services for the future.

This document is a draft plan. Its execution depends primarily on resource allocations. The planning
starts long before the Congress completes its budget authorization and appropriation. Historically,
circumstances such as changing customer needs and changing resource allocations have made it
necessary to change our plans. For example, when we wrote this document, we planned a
Reengineering Workshop for the third quarter of 1994. Because of the strong interest in this area,
we've now rescheduled this workshop for October 1993.

In reading this document, please consider opportunities in which you can work with us. As
discussed in Section 4.4, the SEI has developed a range of relationships that provide mutual benefit
to us and our customers in industry, government, and academia. These relationships include the
subscriber program, the resident affiliate program, distribution/transition partnerships, advisory
boards and working groups, Software Process Improvement Network (SPIN) organizations, and
technical and strategic partnerships. I invite you to investigate which opportunities are right for you
and your organization.

To contact us at the SEI, write or call:
Customer Relations
Software Engineering Institute
Carnegie Mellon University
Pittsburgh, PA 15213-3890
Phone: (412) 268-5800
FAX: (412) 268-5758
Internet: customer-relations@ sei.cmu.edu

We look forward to working with you toward our common goal of improving the practice of software
engineering.

Since

Diricor

Id:wkm
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Introduction

This document presents the Software Engineering Institute (SEI) strategy and one-year imple-
mentation plan for calendar year (CY) 1994, together with the SEI five-year program plan.

In Chapter 1, we set the strategic context by discussing the SEI charter, mission, vision, strat-
egy, orientation, and customers-managers, practitioners, and educators.

In Chapter 2, we describe the factors that determine SEI plans and set the context for their
implementation in support of the SEI mission: to provide leadership in advancing the state of
the practice of software engineering to improve the quality of systems that depend on soft-
ware.

In Chapter 3, we describe the SEI technical program. The goal of the SEI technical program
is to improve software engineering practice by:

"* Maturing the skills of practitioners who develop and maintain software and of
managers who organize and lead those activities (Maturing the Profession).

"* Maturing the organizational and managerial processes through which
practitioners develop and maintain software (Maturing the Process).

"* Maturing the technology used by practitioners to develop and maintain
software (Maturing the Technology).

These three strategic activities-maturing the profession, maturing the process, and maturing
the technology, combined with the SEI core competence in software technology transition-
comprise the strategic framework that guides SEI technical efforts.

We have organized our technical program into clusters of related activities called focus areas
to identify and transition those technologies that we believe will mature the profession, the pro-
cess, and the technology. The four focus areas are: process, risk, methods and tools, and real-
time systems. Work conducted in the focus areas also maintains the SEI core competencies
in software process definition, modeling, and measurement; methods and tools for disciplined
engineering of software systems, and software technology transition.

1. Through our focus on process, we are presently concerned with the maturity
of the organizational and managerial processes employed by software devel-
opment organizations. The SEI seeks to define, model, measure, and im-
prove the maturity of these processes. The expectation is that doing so will
improve the organizational performance in developing software.

2. Our technical focus on risk provides a systematic and structured process,
supported by methods and tools, for identifying and analyzing the technical
uncertainties encountered in a specific software development. Having suci a
process will significantly enhance the probability of success of a program by
allowing risk-resolving steps to be taken before problems occur.

CMU/SEI-93-SR-19 1
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3. Through our next focus area, we are developing methods and tools that
operate on or within the software for defining, analyzing, and evaluating
domain models and architectures for the disciplined engineering of software
systems.

4. Our focus in real-time systems is motivated by the need for systems that
must satisfy critical real-time constraints. Our goal has been to provide
methods and tools for creating such systems that can guarantee that timing
constraints are met. Our goal is now broadened to address dual-use (defense
and civilian) applications where quality attributes such as timeliness,
reliability, safety, and interoperability are important.

Each SEI focus area is presented in depth, including the problems being addressed, the ap-
proach to solving them, and potential products that can result from their solution. Also included
in this chapter are sections providing context with last year's SEI Program Plans, including
1993 activities that provide a foundation for 1994 activities, and significant changes in direc-
tion; and sections that relate technical objectives and plans (TO&P) funded activities with core
funded activities.

In Chapter 4, we give a complementary view of the SEI program, from the perspective of tech-
nology transition. The SEI mission requires a technology transition strategy that gives us le-
verage in meeting the needs of our customers. We have learned that development and
delivery of products and services offer the most effective way to accomplish transition. We de-
scribe the models on which our transition strategy is based, and we briefly describe the types
of SEI products and services available from the SEI and the customers who use them: man-
agers, practitioners, and educators. This chapter includes a list of products planned for 1994
and potential products to be developed by 1999.

Delivering these products and services to the software engineering community is a challenge
for a small organization like the SEI. To gain leverage, we work with transition partners, who
assist us in tailoring and delivering our products. We also involve our customers in several
ways, providing timely information on SEI activities and receiving their input on our products
and services. In Chapter 4, we also discuss the significant role of education and services in
technology transition.

In Chapter 5, we review the SEI program from a programmatic point of view. We summarize
the overlap of our focus areas with key software topics, such as reuse, reengineering, testing,
software maintenance, simulation, and open systems. Each of these topics is discussed in the
context of the SEI activities to which they relate.

2 CMU/SEI-93-SR-19
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1 Strategic Context

The purpose of this chapter is to establish the strategic context for the five-year plan and one-
year implementation.

The Software Engineering Institute (SEI) was established in 1984 by Congress as a federally
funded research and development center (FFRDC) with a broad charter to address software
engineering transition. The SEI is funded by the Advanced Research Projects Agency (ARPA)
through a contract with the Air Force Materiel Command/Electronic Systems Center
(AFMC/ESC). These relationships establish organizational, funding, and reporting structures;

they provide a comparative advantage and natural focus for selecting customers and activi-
ties.

The SEI is an integral component of Carnegie Mellon University (CMU), which carries with it
the responsibility to maintain equivalent quality in staff and in the conduct of activities. As a
member of the CMU community and as an ARPA-funded organization, the SEI is an active
participant in the larger software research community.

1.1 Charter

The SEI charter is to:

"* Bring the ablest professional minds and the most effective technology to bear on
the rapid improvement of the quality of operational software in systems that
depend on software.

"* Accelerate the reduction to practice of modem software engineering techniques
and methods.

"* Promulgate the use of modem techniques and methods throughout the defense
community.

"* Establish standards of excellence for software engineering practice.

Twenty-five percent of SEI core activity is chartered for research and education. The remain-
ing seventy-five percent is for technology transition. In addition, the SEI may receive funding
from federal agencies other than ARPA for specified work consistent with the charter.

CMU/SEI-93-S*-19 3
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Mission. Vision, and Strategy

1.2 Mission, Vision, and Strategy

Software is an enormous opportunity, offering cost-effective flexibility for military as well as
commercial systems. Historically, our customers have experienced significant difficulties in ac-
quiring, deploying, and maintaining large-scale software systems. Software often does not
meet expectations, is delivered late and over budget, and is difficult to change to meet evolving
needs. We believe that these problems can be avoided by bringing an engineering discipline
to the way software is created. The current state of the practice is far behind the state of the art.

Our mission is to provide leadership in advancing the state of the practice of software engi-
neering to improve the quality of systems that depend on software.

We want our customers to be capable of applying a mature software engineering discipline to
produce high quality software that meets their expectations, at a competitive price and on pre-
dictable schedules. Therefore, we are committed to the evolution of software engineering from
an ad-hoc, labor-intensive activity to a managed, technology-supported engineerinq discipline.

We envision ourselves as an organization opening gateways to improved software engineer-
ing practice. The analogy is that of computer networks in which gateways offer access to in-
formation and capability. We see our role as improving the practice by establishing human and
technology connections that will allow improved practices to spread throughout the industry.

Our intent is to identify and transition to customers, through transition products and services,
those processes, methods, ana tools that will help them make lasting improvements to their
overall software engineering capabilities.

Our strategy for implementing this intent is to:

Understand, model, and assess selected software practices required to define,
develop, and maintain complex systems.
Select software engineering technical areas of strategic importance to U.S.
leadership in software, with emphasis on defense systems.
Develop an objective body of expertise at the SEI in these areas that is
unavailable elsewhere.
Offer a cohesive set of products and services to help managers, practitioners,
and educators make lasting improvements in their software engineering
practices.

In applying this strategy, we will focus our technical activities in software engineering technol-
ogy areas of critical importance to our customers. We will continue to address other important
software engineering issues, but will not seek to establish a leadership position in those other
areas. To accomplish a leadership position in an area of focus requires at least 25-30 people
with appropriate expertise, and an additional cadre of specialized support. With our size con-
straints, we cannot expect to focus in more than five areas. A minimum of four areas appears
necessary to have the broad impact envisioned in the charter.

4 CMLUSEI-93-SR- 19
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In each focus area, we research, evaluate, mature, and demonstrate technology solutions in
a realistic environment. Demonstrations are planned so that (1) the SEI can determine wheth-
er a product or service should be developed, (2) risk of adoption is reduced in the eyes of po-
tential customers, and (3) the costs and benefits of adoption are measured to support an
acceptable return on investment (ROI) to SEI customers.

Also in each focus area, we identify (1) the customer base; (2) customer strategic intent,
needs, and requirements; (3) our vision, goals, and objectives; and (4) the specific products
we will develop to achieve those goals and objectives.

Our products and services include courses, events, publications, prototype software, video-
tapes, and guidance and advice in the use of our products. These products and services help
the software community improve its management practices, technical practices, and the ca-
pabilities of its personnel. For more details, see Chapter 4.

1.3 Orientation

As a technology organization, the SEI promotes software engineering and supporting technol-
ogy. Technology is our strength, and we must be technology driven. However, we do not pro-
mote technology for its own sake; we are also needs driven. A need can result from an
encountered problem, an opportunity enabled by innovation, or anticipation of future problems
or technological advances. We help organizations understand the root causes of their soft-
ware engineering problems as needs. Four considerations influence which problems we work
on:

1. The mission to advance the state of the practice of software engineering re-
quires the SEI to have a broad impact by concentrating on those problems
that are pervasive.

2. The SEI is in a trusted position that demands objectivity. Organizations
expect the SEI to exert independent technical judgment and influence based
on a broad and deep understanding of the field, and to understand and
provide solutions to the root causes of problems, not simply to eliminate a
symptom.

3. The SEI is a relatively small organization. More needs and problems exist
than we can address, and there is more work to be done than we can expect
to accomplish. We must be selective in choosing problems that are
strategically important and have high-leverage potential, understand where
outside expertise is available, and work within our abilities.

4. The SEI, by contract, is not permitted to compete in markets predictably and
properly satisfied by commercial enterprise.

CMU/SEI-93-SR-19 5
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We are committed to be a needs-driven organization in this sense and have made this orien-
tation an explicit part of our business. We will pursue technologies that offer solutions to real
needs. To have a broad impact, we will provide solutions in the form of products and services
that help organizations help themselves.

1.4 Customers

Customers are beneficiaries of SEI products and services. The SEI has many customers in
the Department of Defense (DoD), a few in other federal agencies, and, implicitly, many in in-
dustry and academia. The latter develop much of the DoD software and train software practi-
tioners. To better serve our government customers, we have identified two special categories
of customers (sponsors and partners) with whom we collaborate in the development, matu-

ration, and initial transition of needed products and services.

1.4.1 Sponsors and Partners

Sponsors invest funds in the development of capability. For instance, a sponsor might fund
the SEI to investigate a certain technology. Sponsorship may be tied to the condition that the
sponsor be the initial customer of a resulting product. A specific SEI activity could have multi-
ple sponsors.

The DoD, through ARPA, is a major sponsor that invests funds in the SEI base (core funding).
This enables the SEI to understand needs, evaluate technology, propose and test solutions,
and then to develop and demonstrate products and services for our customers. These base
funds also enable the SEI to develop and maintain relationships with the supporting software
infrastructure in the United States.

A significant portion of the SEI's total resources is received through technical objectives and
plans (TO&P) funding. Whereas core funding enables the institute to investigate emerging
ideas and technologies, TO&P agreements provide the means for the SEI to put promising re-
sults into practice for specific customers. This type of interaction establishes a near-term con-
duit for SEI products and services to flow into the software community, and it permits the SEI
to maintain insight into the nature of software practice. Through TO&P agreements, the SEI
works in the field to promote and verify improved practices in conjunction with the sponsor and
to gather data that will further inform future efforts of a like nature.

Partners collaborate in the development, demonstration, or transition of SEI products or ser-
vices. They may benefit directly or indirectly by the partnership. They also assume some risk.
They contribute to the success of a specific product by providing expertise, perspective, cred-
ibility, and/or delivery capability. Organizations that send resident affiliates (that is, individuals

on long-term assignment at the SEI from their home institutions) are, by definition, partners.

Partners provide us with insight into problems, assist with testing SEI products, or offer a con-
text for demonstrating solutions. The primary consideration in matching our capabilities to spe-
cific partners' needs is the credibility partners bring to the test or demonstration. They should

6 CML/SEI-93-SR-19
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bring specialized expertise to the SEI or be representative of a class of potential customers.
They will be selected based on their contribution to the success of an activity, their relative im-
portance to an SEI sponsor, or their contribution to the sponsor. In addition, commercial ven-
dors may provide leverage for SEI products by becoming transition partners who service
broader markets than the SEI would be able to serve.

1.4.2 Acquisition, Development, and Post Deployment

Our DoD customers focus on three distinct phases of the software life cycle: (1) acquisition,
(2) development, and (3) post-deployment support. Each phase generates somewhat different
software engineering concerns.

Acquisition is the phase in which requirements are defined and contracts are let for software
development to meet these requirements. Concerns of acquisition organizations include poli-
cy, standards, requirements definition, cost and schedule estimation, contract and risk man-
agement, reengineering, reuse, training, and testing.

Development is the phase in which software is created that satisfies the requirements of the
contracts resulting from the acquisition phase. The concerns of development organizations in-
clude requirements, specification, design, coding, integration, testing, risk management, in-
stallation, training, and project management.

Post-deployment is the phase that addresses the support of the software after the system is
fielded (operational). The principal concerns of post-deployment software support (PDSS) or-
ganizations are reliability, maintainability, reengineering, and the costs associated with these.
Maintenance of the software within a system addresses two primary aspects: the correction of
latent defects (commonly referred to as "bugs"), and planned evolutionary enhancements that
improve system functionality. Enhancements are accomplished by the same process that is
conducted in the development phase.

In serving our customers, we have identified that the needs of managers, practitioners, and
educators differ, and we have tailored our product offerings accordingly. In the following sec-
tion, we describe our understanding of those needs from the perspective of our principal cus-
tomers. We recognize that managers, practitioners, and educators in other sectors have
similarly defined needs.

1.4.3 Managers, Practitioners, and Educators

Managers concentrate on system acquisition that encompasses all phases of the life cycle:
research, development, production, and operation. Acquisition is performed by an organiza-
tion representing the end user of a software-intensive system.

Each military service has program executive officers (PEO) who serve as system materiel de-
velopers responsible for acquisition of the system. PEO organizations are co-located with sup-
porting functional commands and have small staffs. Mission accomplishment is through the
use of the matrix concept, where functional services and expertise are supplied by supporting

CMU/SEI-93-SR-19 7
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functional commands, e.g., life-cycle software engineering centers. System development is
generally performed for the PEO by industry through a contract. The PEO is responsible for
the management of the system development through a statement of work that is specified
within the contract.

Generally, the responsibility for the systems software technical management of a life-cycle
software support (LCSS) center is assigned to a program manager (PM) for ensuring software
product quality. In this principal role, the center must exercise oversight for the PM in working
with the contractor for all software quality assurance that eventually leads to final acceptance
testing. Contractor management is responsible to the PM for complying with the specifications
within the contract and responsible for managing the technical development of the system in
the most cost-effective way while ensuring high-quality software.

Although we support PEOs who are in the acquisition business and we must therefore develop
appropriate methodology (e.g., software capability evaluation (SCE)), we ourselves are not in
the acquisition business. Our chartered role of objective broker specifically precludes our par-
ticipation in source selection activities or those activities involving government/contractor ne-
gotiation. However, we can serve as facilitator and consultant in the objective assessment of
risks of various technologies or approaches throughout the development cycle.

The industrial counterpart to the military PEO is the senior executive (typically division or site
manager) responsible for the development of the contracted system. The SEI promotes the
acceptance and use of methodologies that bring a higher degree of management control to
the contractor's development processes while reducing the degree of technical risk at crucial
points in the development cycle. The guiding principle for the SEI is the belief that acquisition
and development should function more as a partnership than as a traditional adversarial busi-
ness venture because the resulting system frequently involves life-critical functions supported
by technology that is :rnportant to the nation as a whole; it is not a simple profit-seeking activity
for the benefit of a single business enterprise. Therefore, the SEI promotes the best practices
for effective management by both parties to the contract.

Practitioners are responsible for both pre-deployment and post-deployment total lifecycle
software support. Govemment software engineering centers provide technical support to the
PEO throughout the acquisition phase and the end item manager for the remainder of the sys-
tem life cycle. These centers assist the PEO in ensuring that the software being developed for
the system can be supported by internal resources or contractor support. Once the system is
operational, the center is then responsible for software development support through en-
hancements and refinements that generally result in software version changes on a cyclic ba-
sis. LCSS practitioners work with the PM during development to ensure software product
quality. These government practitioners must acquire a level of technical expertise that will
give them sufficient knowledge to monitor contractor processes, methods, and tools that are
employed to develop a given software system.

8 CMU/SEI-93-SR-19
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The SEI brings its effort to bear on identifying, evaluating, and disseminating methods, tools,
and techniques that suggest a significant improvement over traditional approaches to system
development. The intent is to bring to the acquisition team a greater ability to articulate soft-
ware system requirements and to have developers equipped with the best knowledge and
technologies currently available. This dual support for the acquiring government agency and
the industrial contractor represents the best way to affect the overall set of lifecyle concerns.

Support for software development activities includes providing the practitioner with methods
that ensure consistently high quality results in terms of system performance. Such methods
address issues ranging from requirements analysis through design, coding, and test and inte-
gration. Further support to the practitioner comes in the form of tools that help automate cer-
tain aspects of particular methodologies. The goal is to provide the practitioner with an
integrated set of methods and tools that will enable consistent results for the individual, the
project team, and the suite of projects within the parent organization.

Post-deployment support generally corrects latent defects and performs enhancements to add
greater functionally for incorporating new requirements to the existing system. The support
centers are augmented with support contractors that will provide software development for
each system that is in post-deployment. This contractor service augments the government
practitioners who are responsible for the development of the version and block changes to
each system. Practitioners that work within the PDSS community must benefit from the appli-
cation of disciplined software engineering and the creative use of existing technology. Reengi-
neering will be a new process that will help to improve productivity within PDSS.

Educators (and trainers) are responsible for meeting the nation's need for well-qualified soft-
ware engineering professionals. In addition, education and training are essential components
of technology transition.

By charter, software engineering education is part of the SEI mission. To better prepare new
and existing software engineers to perform high-quality software development, the SEI must
accelerate the development of software engineering programs in academic institutions. How-
ever, the education need is not limited to the academic sector. To improve the capability of
current software practitioners, the SEI must enhance the quality and availability of continuing
education and training programs in government and industry. Our efforts will be successful to
the extent that the education infrastructure prepares individuals to participate in the software
engineering activities of our customers in industry and government.

CMLUSEI-93-SR-19 9



Ompee I SmsgisW Ceflss Or&* SE) ProWn Pbmn 1904- I
Qkatym
Marmur. PracUdanss and Ejucatws

10 CMU/SEI-93.R-19



Draft SEI Program Pians: 1994-199m Chmpr 2 Sirteg Overiw

2 Strategic Overview

Software has become critically important to both our national defense and economic survival.
It pervades our entire society, providing more and more of the functionality previously provided
by hardware and expanding the capacity of hardware for multiple applications. As a result, the
strategic importance of the SEI mission to provide leadership in advancing the state of the
practice of software engineering cannot be understated.

Our approach to improving software engineering practice is set in the strategic framework of
maturing the software engineering profession (i.e., maturing the skills of the practitioners who
develop and maintain software and of the managers who organize and lead these activities)
by maturing the organizational and managerial processes and the technology to develop and
maintain software. The strategic framework is unified by our core competency in the area of
software technology transition and supported by our core competencies in the areas of soft-
ware process definition, modeling, and measurement, and methods and tools for disciplined
engineering of software systems.

This chapter describes the strategic factors that determine SEI plans and sets the context for
their implementation in support of the SEI mission. Section 2.1, Situation Analysis, provides
an analysis of the current political and economic situation, and describes the major trends that
are projected to significantly impact the field of software engineering and the SEI over the next
five years. Section 2.2, Strategy for Improving Software Engineering Practice, describes the
strategic framework which unifies the SEI's activities in support of its mission over the next five
years, its selected core competencies, and the rationale for their selection. Section 2.3, Plan-
ning Considerations, specifies constraints and briefly describes the evaluation criteria to pro-
vide a framework for selecting among competing priorities. Section 2.4, Conclusion,
summarizes the strategic context that forms the basis for the SEI technical program described
in Chapter 3.

This plan continues to be based on the assumption of a continuing DoD "no- growth" strategy
for the SEI during the five-year planning period. It reflects a commitment to effective cost con-
trol, increased leverage of resources, and focused efforts in those areas that will provide the
highest payoff to SEI customers. At the same time, the plan reflects the support of the SEI for
evolving national priorities resulting from the changing world political and economic environ-
ment.

CMU/SEI-93-SR-19 11
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2.1 Situation Analysis

The dramatic geopolitical events of the early 1990s and the changes in national focus being
implemented by the Clinton administration will result in several major trends, discussed below,
in the current political and economic environment. These trends will impact the SEI technical
plans significantly during the five-year planning period.

National priorities have been influenced significantly by the dissolution of the Soviet Union and
the increased boldness and military capability of third-world countries. The changing and un-
defined regionalized military threat, along with the renewed focus on national competitiveness
at the global level, are impacting the emerging policies of the Clinton administration. These
policies are reflected in the reduction of DoD budgets, the downsizing and changing role of the
military, and the increasing concern for the domestic infrastructure and our global competitive-
ness. To implement these policies, the administration has developed the National Technology
Policy (NTP), changed the role of the ARPA, and initiated the Defense Conversion Program,
the Technology Reinvestment Project, and the National Information Infrastructure (NIl).

In the face of the new world order and the shifting focus to domestic economic issues, the
goals of the Clinton Administration include increasing investment in the national industrial
base, revitalizing the national infrastructure, improving education in math and science, protect-
ing the environment, shifting defense-based research and development programs to the in-
dustrial sector, and achieving global competitiveness. Clearly, supporting these goals will
have significant influence on the long-term direction and technical focus of the SEl.

2.1.1 Shrinking DoD Budgets and Downsizing of the Militas i
Budget and force reductions will result in a decrease in DoD organic capabilities, a growing
need for increased flexibility, concem for system evolution, and a smaller DoD contractor
base. All of this will lead to pressure to maintain existing systems and compc':"ents for longer
periods. Fewer new systems will be built, existing systems will have to be evolved to meet new
threats, and simulation will become an even more cost effective method for military training
and system evaluation. Since the DoD will be a customer with less spending power than in the
past, it will have reduced influence on the strategic directions of industry. This reduction in in-
fluence will create additional reasons for the DoD to make maximum use of commercial prod-
ucts and will create more dependence on dual use technology, reuse, and reengineering for
extensive and responsive system modifications.

2.1.2 The Changing Role of the Military

The decline of the Soviet Union as a military superpower has been accompanied by the grow-
ing military capability of many third-world countries. More of these nations may be able to de-
velop or acquire nuclear capability, medium-range missile delivery capability, and chemical or
biological weapons. The political instability in some of these countries gives cause for alarm,

12 CMU/SEI-93-SR-19
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as does the fact that extra-national groups (e.g., those involved in illegal drug trafficking) are
increasingly well funded and equipped, and are willing to engage in military and political activ-
ities. The undefined nature of this regional threat will require the rapid development and oe-
ployment of systems to support the changing mission of the military to one of rapid response
to both military threats and humanitarian needs, and will require a refocusing on the need for
improved logistic support and command and control. At the same time, recent domestic and
international natural disasters have reemphasized the potential role for the military in providing
humanitarian relief and assistance. This role will require improved humanitarian logistic sup-
port and domestic emergency management command and control.

2.1.3 The Increasing Concern for the Domestic Infrastructure
The NTP has been developed to rejuvenate the nation's economic infrastructure and to revi-
talize our national industrial base. This policy will increase the focus on research and devel-
opment (R&D) and technology transition in the commercial sector, development of information
technology as an engine of economic growth, and improvements in manufacturing technology,
health care, transportation, communications, and education. ARPA and the Department of
Commerce, through the National Institute of Standards and Technology, will play an increas-
ingly important role in supporting this focus through the development and deployment of
emerging dual use technologies.

The increasing importance of software engineering in support of the National Technology Pol-
icy's focus on technology transition for improved national competitiveness will most likely shift
the national R&D focus toward improving manufacturing technologies, upgrading the national
transportation system, implementing the Nil and enhancing commercial communications, and
addressing software reliability in critical medical applications for patient monitoring, treatment,
and medical imaging.

2.1.4 The Increase in Global Competitiveness
The increased focus on national competitiveness at the global level will strengthen the impor-
tance of international standards and highlight the increasing global technological sophistica-
tion. This will require increased participation by the SEI in the international technical
community to assist in the development of the standards required for doing business in this
environment, to interpret the impact of these standards on our own economic base, and to as-
sist in the formulation of a responsive national policy for effective competition in the global mar-
ketplace.

CMU/SEI-93-SR-19 13
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2.1.5 Effect of Major Trends on Software
During the next several years, the federal budgeting process will most likely shift to reflect the
changing national priorities evidenced in the four major trends just described. As a result, we
expect to see no more than the same level of funding support from the DoD. At the same time,
we can expect increased need and funding support from other federal agencies as they strug-
gle to overcome the same software-related problems that have been addressed effectively
within the DoD over the past decade.

Defense planners will have to create a smaller and better-trained force supported by high-
performance equipment that can be adapted to changing threats. This equipment and the sys-
tems that support better training are increasingly dependent upon software for their function-
ality. Concurrently, computing power, resulting from advanced semiconductor technology,
continues to double about every four years. These trends are creating demands for affordable,
reliable, and flexible software that are becoming more difficult to satisfy.

In light of the changing federal budget and the increased importance of dual use technologies
that satisfy both defense and commercial needs, it is possible that the SEI could be supported
by multiple federal sponsors. In addition, as the DoD is downsizing and emphasis on improving
the U.S. economy and infrastructure moves the nation toward a more commercially oriented
R&D base with focus on technology transition to the commercial sector, increasing amounts
of research relevant to the DoD will be conducted by other federal agencies or industry.
Hence, the SEI must pay increased attention to providing support to other federal agencies
and industry to participate in this broadened range of dual use technology developments rel-
evant to DoD software engineering needs.

Increased national competitiveness will require shortened system development times to meet
unforeseen requirements. This suggests that future systems will be created and configured on
demand from proven concepts, architectures, and components. This situation will place great-
er emphasis on software architecture, reuse, and reengineering in the shorter term and design
for reengineering and automatic program generation in the longer term. It will also require
more effective software engineering practices that can be applied much earlier in the system
life cycle than is now the case.

The reduction in operational funding for the military will also emphasize the importance and
cost effectiveness of simulation for training. The increasing use of real-time simulation, both
for defining and refining system requirements as well as for training, suggests an increasing
need for software that can meet time constraints within a network environment. It also sug-
gests the need for vastly improved human interface technologies to provide the realism
needed for effective evaluation and training.
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The need to respond quickly anywhere in a worldwide theater of operations suggests in-
creased portability of command-control and intelligence facilities. It also suggests greater use
of concepts such as teleconferencing and telepresence so that people with critically needed
skills, but who are located remotely, can be brought to bear in solving local battlefield or hu-
manitarian relief problems.

Use of products and standards emanating from the commercial world offers an attractive way
for the DoD to acquire and evolve systems of high quality at minimum cost and risk. DoD sys-
tem acquisition procedures may change to allow more frequent use of commercial off-the-shelf
(COTS) products. In using COTS, industry standards will become even more important to the
DoD. Hence, the SEI must focus on the capability to design systems and their architectures
using these standards.

Budgetary constraints and rapid changes in military strategy are also creating the need for
more flexible manufacturing capability. DoD acquisition may fund prototype development with
full-scale production deferred until its need is clearly demonstrated. The dual use nature of this
emphasis on "agile manufacturing" for both defense and commercial needs implies that the
SEI devote more attention to processes and tools for supporting manufacturing technology
transition efforts.

In summary, the SEI must respond to the changing political and economic environment and
the need to revitalize the national infrastructure, and particularly the nation's industrial base.
This response should increase our focus on dual use software engineering technology. The
SEI should support the development of enhanced software architectures, improved tech-
niques for reuse and reengineering, real-time simulation, expanded and more flexible commu-
nications capabilities, system integration of commercial software, and software engineering
processes and tools for advanced manufacturing technologies. To develop the underlying
foundation for our technical focus areas, work should continue in education and training and
improving the state of the practice of software engineering through improved processes and
software risk management.

2.2 Strategy for Improving Software Engineering Practice

The current political and economic situation, as described in Section 2.1, clearly establishes
the importance of software to the defense and economic well being of the nation. Because
software pervades nearly every aspect of society, it is vital to address effectively the issue of
continuous improvement of the practice of software engineering as an essential ingredient of
our national strategy. With this in mind, it is important to articulate clearly the strategic
framework which supports the SEI mission to improve the state of the practice of software en-
gineering.
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Figure 2-1 summarizes the SEI strategic framework to improve software engineering practice
in support of our national strategy. It is through this strategic framework that the mission of the
SEI will be executed effectively.

The SEI strategy for improving the state of the practice of software engineering is to mature
the software engineering profession (Maturing the Profession). This strategy is based on ma-
turing the skills of the software engineering practitioners who develop and maintain software
and the managers who organize and lead these activities. Our approach to improving the skills
of these software engineering professionals is to mature the organizational and managerial
processes through which software is developed and maintained (Maturing the Process) and
the technology used to develop and maintain software (Maturing the Technology). These ac-
tivities, unified by our core competency in transition, form the strategic framework for the exe-
cution of the SEI mission.

The SEI has chosen to develop and maintain three core competencies:

"e Core competency in software process definition, modeling, and
measurement

"e Core competency in methods and tools for disciplined engineering of
software systems

"* Core competency in software technology transition

Of these, our core competency in software technology transition has been included in the stra-
tegic framework because of its centrality to the SEI mission. Our core competencies in process
definition, modeling, and measurement; and methods and tools for disciplined engineering of
software systems provide support for this strategic framework from within the technical pro-
gram described in Chapter 3.

Each of these core competencies is described in detail in the following subsections.
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Figure 2-1: Strategic Framework and Core Competenciesfor Improving Software Practice

2.2.1 Software Process Definition, Modeling, and Measurement

By software process definition, modeling, and measurement, we mean those organizational

and management activities performed by people operating within an environment through
which software is defined, developed, and maintained. We chose to develop software process
definition, modeling, and measurement as core competencies because no uniform, defined,

and measurable process for effectively organizing and managing the development of software
for complex systems existed within the software development community of the federal gOV-
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emment. The SEI approach is to define this process, develop models of it, and determine how
to measure its effectiveness. Our objective is to improve the process so that high-quality soft-
ware can be developed on time and within budget. By high-quality software, we mean software
that meets the user's needs and that can be affordably maintained. The SEI is widely acknowl-
edged as the leader in defining, measuring, and modeling software process. More information
on process definition, modeling, and measurement can be found in Section 3.2.

2.2.2 Methods and Tools for Disciplined Engineering of Software Systems

By methods and tools for disciplined engineering of software systems, we mean those tech-
niques and software systems that operate upon and within the process described in Section
2.2.1. Our emphasis is on methods and tools at a meta level both with respect to the methods
and tools themselves and to their application. For example, we are more concerned with ap-
plying methods and tools that maintain engineering information (such as domain models, ar-
chitectures, and their quality attributes) than in developing and refining particular algorithms.
We are more concerned with identifying ways to evaluate, specify, integrate, and adopt meth-
ods and tools (such as computer-aided software engineering (CASE) tools) than in developing
or promoting particular implementations. More information on methods and tools can be found
in Sections 3.4 and 3.5.

2.2.3 Software Technology Transition

By software technology transition, we mean movement of the best software engineering pro-
cesses, methods, and tools from research and development into broad use in the software en-
gineering community. The SEI is a value-adding transition agent between researchers whose
results can improve software practice and practitioners who can apply this result to solve im-
portant and pervasive software problems. The SEI adds value by identifying relevant research
results and making them understandable and applicable by practitioners, and by identifying
root causes of problems faced by practitioners and making them understandable and applica-
ble to researchers. Thus, while the computing research community aims to advance the state
of the art, the SEI aims to incorporate state-of-the-art advances into the state of the practice.
Through our interactions with practitioners and researchers, the SEI seeks to identify "best
practices" and to promote widely their introduction into the practice of software engineering.
Successful technology transition results in overall improvement in the state of software engi-
neering practice.

To build its core competency in transition, the SEI adapts transition models from other disci-
plines and applies them to software. These models help us approach technology transition in
a systematic and effective way. We identify transition methods and transition vehicles that fa-
cilitate adopting and institutionalizing improved processes, methods, and tools. We develop
transition products and services that help people help themselves improve their practices.
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Because the size of the SEI technical staff is limited, we seek leverage for our transition efforts.
We gain leverage by influencing software engineering education and providing educational
materials that aid the teaching of good software engineering practices, by providing services-
primarily advice and guidance to government organizations--that aid continuous improvement
efforts, and by working with transition partners who can take our products and services to the
community at large.

2.3 Planning Considerations

In developing plans within the context of the changing political and economic environment, the
SEI must consider several factors. The most significant of these planning considerations are:

" The mission requires that the SEI facilitate the transition of appropriate
software technology into practice for the mutual benefit of the DoD and other
federal agencies in support of national priorities and objectives.

" The SEI strength is in the area of software technology-broadly defined to
include traditional "computer science" and the evolution and transition of
engineering practice. The SEI must maintain its focus on technology to
provide the stability that is vital to an R&D program, and must emphasize
efforts that result in products rather than personal services.

" The small size of the SEI requires highly leveraged resources and a very
effective means of technology transition.

" Technology transition requires knowledge of, and involvement with,
technologies, user communities, and the transition process. While most SEI
activities focus on software technology, they have a planned "side effect" of
increasing SEI knowledge about user needs in specific domains.

" The SEI must balance technical depth with a broad understanding of
software practice in its personnel.

" The SEI must maintain its position as an objective third party to function
effectively as a center of excellence in software engineering technology.

" The SEI must act under the assumption of a DoD "no growth" strategy and
plan for the expansion of resources to support the objectives of the National
Technology Policy through sponsorship by those federal agencies charged
with its implementation.

" The SEI must not violate contractual constraints prohibiting competition. Our
approach to transition, which seeks to use the existing U.S. infrastructure as
partners, helps us to avoid competition.
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In addition to these planning considerations, the SEI must carefully consider additional evalu-
ation criteria in order to maximize the benefits to our customers within the context of the major
trends affecting the software engineering profession. These criteria currently include:

* Importance. Does the result address an important software engineering
problem?

a Impact. Does the result have potential for a significant impact?

* Alignment. Does the result align with the SEI mission?

* Leadership. Can the SEI exercise national leadership in this area?

"* Leverage. Will the result give the SEI the leverage that is required for its
fewer than 200 members of the technical staff to affect the work of
practitioners in the software engineering community?

"* Pervasiveness. How widespread is the need? Will the result be applied
pervasively?

"* Transition. Can the result be effectively and efficiently transitioned into
practice?

"* Legacy. Does the result contribute to the knowledge base that supports
software engineering?

"* Synergy. Does the activity provide synergy with other SEI and non-SEI
efforts?

"* Likelihood of Success. Is the activity likely to succeed?

2.4 Conclusion

The importance of software to our national security, both in terms of defense and economic
well being, has never been more clear. As articulated in this chapter, the importance of soft-
ware emphasizes the importance of the SEI mission to advance the state of the practice of
software engineering. The SEI is firmly committed to this mission, and has established and im-
plemented the strategic framework described in this chapter to achieve its mission. The foun-
dation for this. strategic framework is found in our technical program, described in Chapter 3.
The goal o1 "he h',_I technical program is to improve software engineering practice by maturing
the process, !i'e technology, and the profession.

In responding to the challenges discussed in this chapter, the SEI seeks to take advantage of
the organizational, historical, and situational differences that distinguish it. These differences
include:

* Accomplishments to date, particularly in the areas of software process
modeling, real-time systems, and software engineering education.
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" The SEI status as a federally funded research and development center
(FFRDC) chartered to act as an objective broker performing software
engineering technology development and transition.

" The SEI association with CMU and its relationship to its world-class faculty in
such areas as computer science, electrical and computer engineering, and
economics and business.

" The SEI sponsorship by ARPA, which makes us a participant in the ARPA
software research community.

" The SEI charter to provide research and technology support throughout the
federal government, enhancing our ability to support the objectives of
defense conversion and the NTP.

The SEI has established itself as the leader in the field of software engineering. We have de-
veloped and are implementing a strategic framework for improving the state of the practice of

software engineering. In supporting this framework with a strong technical program and
well-focused core competencies, the SEI has positioned itself to respond effectively to new re-
quirements and technologies.
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3 Technical Focus Areas

3.1 Overview

The goal of the SEI technical program is to improve software engineering practice by:

"* Maturing the skills of practitioners who develop and maintain software and of
managers who organize and lead those activities (Maturing the Profession).

" Maturing the organizational and managerial processes through which
practitioners develop and maintain software (Maturing the Process).

"* Maturing the technology used by practitioners to develop and maintain
software (Maturing the Technology).

These three strategic activities-maturing the profession, maturing the process, and maturing
the technology, combined with the SEI core competency in software technology transition-
comprise the strategic framework that guides SEI technical efforts (see Figure 2-1).

In this chapter we describe the SEI technical program and show how it will improve software
engineering practice through the strategic framework by increasing the maturity of the profes-
sion, the process, and the technology.

3.1.1 Maturing the Profession
Extremely instrumental in achieving a sound, strategic framework for maturing the profession
are the efforts of software practitioners and managers, their respective skill levels, and their
professional work environments. This maturing process and its contributors are acknowledged
in Figure 2-1. For example, many SEI products and services, described in Chapter 4, serve as
tools in attaining this maturity via SEI products for software practitioners, managers, and edu-
cators.

We believe that it will be possible to define and measure the maturity of the profession. How-
ever, due to limited resources, we will only begin feasibility efforts in 1994 to define and mea-
sure this maturity.

3.1.2 Maturing the Process
The capability maturity model (CMM) was conceived as a model for judging the maturity of the
organizational and managerial processes of an organization and for identifying the key prac-
tices that are required for maturing these processes. It is proving to be very effective in the
commercial as well as defense software communities.
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For example, Wohlwend and Rosenbaum [Wohlwend 93] of Schlumberger Laboratory report-
ed experiences with CMM-derived improvements from 1989 to 1993. A Schlumberger group
that works on complex embedded real-time systems reported that they were able to reduce
the number of validation cycles from 34 to 15. This, in turn, reduced time to market. The group
credits this improvement to the introduction of requirements management, a level 2 key pro-
cess area (KPA).

Wohlwend and Rosenbaum also reported that one engineering group began concentrating on
process improvements in mid-1 990 and improved on-schedule completion from 51 percent in
1990, to 89 percent in 1991, and to 94 percent in 1992. The group credits this improvement to
improvement in initial project planning, another level 2 KPA. For each level 2 KPA introduced,
Wohlwend and Rosenbaum describe similarly impressive improvements.

Lipke and Butler [Upke 92] of the Oklahoma Air Logistics Center (OC-ALC) described efforts
that began in 1989 to introduce SEI methodologies into the work environment of the Aircraft
Software Division (LAS) of OC-ALC. To guide their process improvement efforts, LAS estab-
lished a Quality Management Steering Team and a Software Engineering Process Group
(SEPG).

The LAS SEPG wrote an action plan for improvement that is periodically updated and revised.
The purpose of the action plan is to set improvement goals; discuss how improvement efforts
will be measured; and provide a template for planning, developing, and implementing improve-
ments. As of November 1992, LAS had introduced 44 improvements and had gathered return
on investment (ROI) data on 18 of these. For the 18, $2.935 million was returned by an invest-
ment of $462,100, resulting in an ROI of 6.31.

Most recently, Putnam [Putnam 93] reported results of moving up the SEI CMM scale from a
high level 1 to a low level 3 from 1988 to 1992 for one system done at a central design agency
within the DoD. Figure 3-1, taken from Putnam's report, shows ratios of improvement from 1.7
to 5.7 in measures such as mean time to defect (MTTD), peak staffing, cost, effort, and time.
These are consistent with previously published improvements at Hughes [Humphrey 91], Ray-
theon [Dion 92], and Hewlett-Packard [Grady 89].
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Figure 3-1: Benefits In Moving from Level I to Level 3

3.1.3 Maturing the Technology
In 1993 the SEI initiated activities to consider whether it would be possible and practical to de-
fine, measure, and mature technology as was done for maturing organizational and manage-
rial process through the CMM. An SEI task force was commissioned to address this issue, and
resources were identified to support this effort at a low level in CY 1993. Work to date suggests
that a maturity model similar in principal and intent, along with key techniques similar to key
practice areas, can be defined. It is too early to report on the specifics of this activity. Since
this appears to be a fruitful area for further investigation, funds for this activity are being allo-
cated in CY 1994.

3.1.4 Technical Focus Areas
We have organized our technical program into dusters of related activities called focus areas
that are responsible for identifying and transitioning those technologies that we believe will ma-
ture the profession, the process, and the technology. The four focus areas are: process, risk,
methods and tools, and real-time systems. Work conducted in the focus areas also maintains

the SEO core competencies in software process definition, modeling, and measurement; meth-
ods and tools for disciplined engineering of software systems, and software technology tran-

sition.
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The relationship of the focus areas and core competencies to the SEI strategic framework is
shown in Figure 3-2.

Our reason for choosing these four focus areas derives from our belief that to be successful
in improving our customers' software practices, software organizations must have a well-
defined process supported by methods and tools used by appropriately educated and trained
professionals. Definitions of these terms are:

"* A process is a series of activities, transformations, or procedures that
achieve a desired result.

"* A method is a systematic approach to performing work during the execution
of a process.

"* A tool is an instrument that provides support for a method. (An automated
tool is software that provides automated support.)

Each step in this hierarchy of process, methods, and tools can itself be a process supported
by its own methods and tools, although this is not essential.

Our focus on process is presently concerned with the maturity of the organizational and man-
agerial processes employed by software developing organizations. The SEI seeks to define,
model, measure, and improve the maturity of these processes. The expectation is that doing
so will improve the organizational performance in developing software. As discussed in Sec-
tion 3.1.2, this expectation is being satisfied.

Our technical focus on risk provides a systematic and structured process, supported by meth-
ods and tools, for identifying and analyzing the technical uncertainties encountered in a spe-
cific software development. Having such a process will significantly enhance the probability of
success of a program by allowing risk-resolving steps to be taken before problems occur.

Our next focus area is developing methods and tools that operate on or within the software for
defining, analyzing, and evaluating domain models and architectures for the disciplined engi-
neering of software systems.

Our focus in real-time systems is motivated by the need for systems that must satisfy critical
real-time constraints. Our goal has been to provide methods and tools for creating such sys-
tems that can guarantee that timing constraints are met. Our goal is now broadened to address
dual-use (defense and civilian) applications where quality attributes such as timeliness, reli-
ability, safety, and interoperability are important.

Each SEI focus area is presented in depth below (in Section 3.2 to Section 3.5), including the
problems being addressed, the approach to solving them, and potential products that can re-
sult from their solution.
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3.1.5 Measures of Success
The measure of success collectively associated with these technical focus areas is the extent
to which quantifiable returns on investment (ROI) can be related to increases in the maturity
of process, technology, and profession. As mentioned in Section 3.1.2, a body of experience
with the use of CMM-related process products and services is beginning to provide credible
and quantified evidence that high ROls can be correlated with increases in process maturity.

As yet, there are no defined levels of technical or professional maturity to support a similar ROI
analysis for the profession and the technology, although we have plans in place to define these
for the technology and are considering them for the profession. In the meantime, we will use
technical objectives and plans (TO&P) report-card scores, community interest as expressed
by targeted conference or course attendance (for example, the Risk Conference), and poten-
tial products transitioned into planned products as surrogate measures of success.

3.1.6 Effects of Unpredictable Funding
This plan is not based solely on core funding, but instead assumes a mix of TO&P, core, and
cost-recovery funding. Core and cost-recovery funding, compared with TO&P funding, are rel-
atively predictable. For TO&P funding, we seek customers willing to fund activities that most
nearly fit the program we have planned. Sometimes we succeed; sometimes we do not. Other
times we find TO&P customers whose needs closely enough align with our overall plan that
we are able to address them. In this latter case, we alter our plan to provide as much improve-
ment in practice as the combined funding allows. Thus, while we intend to execute the plan
presented here, the plan that we will actually execute is to a large degree dependent upon the
TO&P funding we can attract.

28 CMU/SEI-93-SR-19



Draft SEI Program Pltans: 1994-1998 Chapter 3 Tochrncal Focus Ames
Process

3.2 Process

Large numbers of software development organizations in the United States continue to have
an ad hoc, crisis-driven process that often results in projects producing poor-quality systems
that are chronically late and over budget. While organizations are improving their process ca-
pability, as assessment data show, most of the software organizations are at the lowest level
of software process maturity. See Figure 3-3. This data was based on SEI-assisted, vendor,
and self assessments.
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These crisis-driven software environments are characterized by:

* unpredictable, inconsistent performance and quality

* an inability to successfully implement and sustain new technologies and
methods

* strong dependence on a few highly competent individuals

* a focus on fire-fighting

* high levels of frustration and adversarial relationships across disciplines

* predominantly schedule driven environments

Too many software organizations have long relied on individual talent that is in short supply to
produce acceptable results. Unfortunately, the only way these results can be repeated is to
assign the same individuals to the next project. In such environments there is no institutional-
ized capability for meeting projected targets for cost, schedule, quality, and functionality. Ex-
ecutives in such organizations typically complain that they have little visibility into the software
development process, and they are unable to make accurate projections of performance 3nd
costs. Without visibility and predictability, executives are unable to exercise management
oversight or to make sound business decisions regarding projects.

To improve the state of the practice of software engineering in the U.S., software producing
organizations must establish an organizational capability (rather than be dependent on indi-
viduals) for developing software based on sound management practices that support a disci-
plined, defined, and measured software engineering process. They must be able to execute
this defined engineering process consistently across all projects in the organization, rather
than have only a few successful projects, with others missing the objectives of quality, cost,
function, and schedule.

3.2.1 Five-Year Plan

3.2.1.1 Goals

A primary objective for the SEI process focus area is to present to the software community an
integrated approach to software process improvement. An organization should be able to look
to the SEI for a suite of products and services to determine where and how it should start and
continue along the path of continuous process improvement for software development.

A goal of the process focus area in last year's plan was that by 1998 all major software pro-
ducing organizations that serve the DoD community would have instituted continuous process
improvement programs. We now expect that by 1999 such programs will have been instituted
not only by the defense industry but also by commercial software producing organizations.
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Achieving these goals should make U.S. software developers among the most competitive in
the world in terms of cost, quality, and time to market. This focus on process will generate re-
quirements for process technologies that can be incorporated into software engineering envi-
ronments.

Another goal in last year's plan was to see a strong commercial infrastructure developed within
the U.S. by 1998 to provide inter-company communication about lessons learned in process
improvement. We expect that this infrastructure will be more deeply grounded by 1999 where
wide competitive choices will be available to satisfy the needs of the software development
community. A sufficient cadre of trainers and consultants will be in place for educating custom-
ers about organizational change and process improvement and sustaining customer improve-
ments. Efforts to promote a commercial process improvement industry with quality standards
for practitioners through such organizations as the International Standards Organization
(ISO), for example with IS09000 and SPICE (Software Process Improvement Capability
dEtermination), will continue, and we will work to ensure that the SEI and U.S. perspectives
for software process improvement are addressed in such standards.

SEI process improvement programs are planned to dramatically improve the quality and re-
duce the costs and schedule slippage of software developed for the DoD and other govem-
ment software producing and procuring agencies. We expect Software Process Improvement
Network (SPIN) groups to increase to at least 10 national locations. We also expect each
SEPG national meeting will continue to attract in excess of 500 participants.

Our goal last year was to lead a national commitment to improvement and a service business
to support it, so by 1998,80 percent of all defense contracting sites with more than 50 software
engineers will have active process improvement programs, and 50 percent will have advanced
one level more from their initial measured maturity level. We expect that by 1999 this goal will
address other government software producing agencies as well.

Productivity, quality, and process measures will be routinely collected and used to improve the
software process in those organizations. A sufficient number of contractors with a defined,
measured, and managed software process will exist by 1999, so the DoD and other govern-
ment agencies will not need to use contractors with weaker software process capability for
software intensive systems costing $10M or more. Further, by 1999 all software systems pro-
cured from contractors with high process maturity (Managed or Optimizing) should be deliv-
ered with fewer than one-tenth of a defect per thousand source lines of code. This is a
significant improvement over the current goal of one defect per thousand source lines of code,
which is what many industry software groups have set as their target in 1993.

The overriding goal of the SEI process projects and products in this plan is to improve the ma-
turity of software development organizations as defined in the CMM.
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3.2.1.2 Strategy
Achieving these goals and being successful will require the SEt to continue to maintain and
evolve the CMM. The CMM, developed at the SEI, describes five stages through which soft-
ware organizations must pass to achieve a sustainable state of continuous process improve-
ment. This five-stage model provides software organizations with guidance in planning a long-
term process improvement program, in addition to assistance in setting priorities for immediate
improvement activities.

A strategy of the process focus area is to maintain the CMM as a community-owned model for
which the SEI provides stewardship until such time as some standards organization (e.g., ISO)
adopts the CMM as the preferred standard. The CMM is constantly subjected to national and
international review, has recently been revised as CMM Version 1.1, and is being accepted as
a de facto standard for implementing process improvement activities. It is now common prac-
tice in technical literature to simply say TSEI CMM level 1" without explanation.

At the request of ARPA we are participating in DoD standards activities to bring a software per-
spective to such efforts as MIL-STD-SDD. A wide range of American software developers
have urged the SEI to integrate CMM concepts into ISO standards. We continue to pursue
these requirements. For example, the SEI is working with the ISO SPICE Project, which is
working on intemational standards for software process improvement and capability determi-
nation.

To use the CMM for guiding process improvement activities such as those we are conducting
at various agencies, such as the Army Materiel Command (AMC) and the Air Force Materiel
Command (AFMC), we will continue to provide software organizations with methods to reliably
assess the maturity of their own development and maintenance processes. Concurrently, we
must provide acquisition organizations such as AMC, AFMC, and the Naval Air Systems Com-
mand (NAVAIR) with the ability to reliably evaluate the capability of their contractors.

Because of limited resources, the SEI must transfer the capability to train and execute these
diagnostic methods to third parties. At this writing, the software process assessment technique
has been licensed to 10 companies in the commercial sector and 2 DoD agencies. We plan to
expand this list to meet the needs of the software producing community with market competi-
tive pricing for such services. In 1993, we began to transfer the ability to train capability eval-
uation teams to training sources inside the DoD such as the Defense Systems Management
College (DSMC).

To affect growth in the national software capability, these diagnostic methods must be coupled
with the ability to plan and implement process improvement programs tailored to the maturity
level and specific problems of software organizations throughout the DoD and other govem-
ment agencies. Since these evaluation and assessment methods are rapidly growing in use

32 CMUISEI-93-SR-19



Draft SEI Program Plans: 1994-1998 Chapaer 3 Technical FocusAmes
Process

Frv-Year PRan
Strategy

and in importance in the software community, it is essential that certification be established
during this strategic period. It is expected that certification will be fully established by 1995 for
both the software capability evaluation (SCE) evaluators and the software process assess-
ment (SPA) assessors.

After an assessment of process capability, an organization has great need for a defined pro-
cess upon which to structure process improvement efforts. Particularly for level 1 organiza-
tions, there is an uncertainty of the relative priorities of the activities necessary to start a
process improvement effort. There are several products related to process definition that are
ess~r.tial to maintaining process improvement momentum:

"* A defined process for process definition

"* Examples of good software processes

"* A library of proven process fragments

" Procedures for establishing requirements for a process

"* A language for process definition

"* Procedures for designing a process

"* Procedures for implementing and installing a defined process

"* Procedures for evaluating a defined process against a standard

" Procedures for measuring the effectiveness of a defined process in action

Collecting technology for these products, creating the products, and getting them into wide-
spread use will be a major activity during the coming five-year period.

The SEI supports the development of process improvement programs throughout the defense
and civilian sectors. To introduce these programs broadly in both sectors, we must continue
to support the development of SEPGs and to educate them in the skills and tactics needed to
successfully execute improvement programs. The SEI supports these SEPGs by providing
them with specific methods and training designed to enhance software process improve-
ments. In executing an improvement action plan, SEPGs need methods for defining and mea-
suring software processes. We need to continue to develop, evolve, and pilot these methods
and determine that they can be installed in the context of an improvement program. While we
are conducting pilots, such as those at the Naval Air Warfare Center (NAWC) and AMC, we
must develop courses based on our direct experiences to prepare others to incorporate these
methods in their improvement programs.

Organizations are beginning to ask how they can estimate cost savings or quantify improve-
ments before they introduce new software process improvement approaches. The SEI needs
to provide such a means of estimation. This work will start in late 1993 and continue through
1998.

CMU/SEI-93"SR-19 33



Ch$W 3 Ticll Focus Aamn Draft SEI Program Plans: 1994-1998
Process
Five-Yoa Plan

The process focus area has six advisory boards or steering committees with skilled and qual-
ified representatives from the academic, industry, and government sectors. These groups will
continue to provide advice throughout this strategic period. It is our intent to have minimal du-
plication of focus between these groups and to ensure that they are kept up to date on each
other's advice to the SEI process area. The following groups presently exist:

The Software Process Advisory Board oversees process products and their supporting
projects. It provides advice concerning current and future strategic directions of process prod-
ucts. Board meetings are held three times a year. Board members were carefully chosen for
their expertise and experience; they consist of:

* two members from the DoD
* two members from the DoD contractor community

* two members from academia

* one member from CMU

* two former SEI Process directors

The CMM Advisory Board reviews proposed enhancements to the CMM and related prod-
ucts prior to their release; provides written recommendations to further the SEI mission and
user satisfaction for the CMM and CMM-based products; provides advice on CMM product ob-
jectives and development plans; and facilitates acceptance of CMM products by the user com-
munity. The eleven member board consists of the CMM project leader, the Process director,
and at least three members from both government and industry organizations.

The Process Definition Advisory Group includes approximately forty members from indus-
try, government, and academia who are leading researchers and practitioners in software pro-
cess. The group provides a forum to define and debate process definition-related issues;
refines objectives and evolves requirements; and reviews products.

The Software Process Measurement (SPM) Steering Committee provides technical input
to the process measurement activities of the SEI. The steering committee is composed of
twenty leaders in software measurement and management from industry, academia, govem-
ment, and the SEh The steering committee identifies and reviews measurement needs, activ-
ities and goals, progress, products, and future directions. The steering committee also
promotes public acceptance of published results and work products.

The Software Capability Evaluation (SCE) Advisory Board has recently been formed. The
role of the board is to act as volunteer consultants on the SCE method, its application, and its
related products. The board consists of at least eight government members and eight industry
members.
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The SCE Review Group began operating in early 1993 and provides a "selectively broad" re-
view of the SCE method and its documents and represents the software community. The 32
member group includes the advisory board, and members from small businesses, academia,
and other groups in the SEI working on related products.

The SPA product set is presently receiving guidance from the SPA Vendors Association, a
body represented by 10 industry groups. Additionally, we will draw the SCE and SPA efforts
closer together by having a common advisory board between them.

Materials relating to SPA, including questionnaires, are reviewed by the SPA Vendors Asso-
ciation and the CMM Advisory Board.

3.2.1.3 Potential Products
The projects supporting work in the process focus area are closely interrelated, with each in-
vestigating a particular aspect of the larger problem. Within each of these subareas, a number
of products will be produced over the next several years. Each of the products will be devel-
oped to discuss or explain an aspect of the methodology or to provide explicit instructions in
the use of instruments contained within the methodology. Rather than listing those products
individually here, the particular projects are discussed to clarify the issues. Individual work
products are listed against the estimated time frame for delivery in Figure 3-4.

Capability Maturity Model (CMM) for Software (10 and 30 1994,1996f7). This model de-
scribes five stages in the maturation of a software organization's ability to manage its devel-
opment process. Practices are not mandatory to achieve a level. Version 1.1 of the CMM was
released in 1993, and will remain under maintenance for several years. The next upgraded
and field tested version is targeted for the 1996/97 time frame.

There is little experience at levels 4 or 5. Therefore, additional key process areas may be add-
ed to these levels based on the effective practices required to support an organization at high-
er levels. We will begin work on level 4 and 5 enhancements in 1994. Examples of key process
areas that could be added include risk management, reuse, and reengineering.

During 1993 we began studying how the CMM could be tailored for small organizations. The
CMM tailored for small organizations will be delivered in succeeding years.

We also will begin development of human resources maturity aspects as an adjunct to the
CMM to enable organizations to systematically increase their level of software talent. This ad-
dition involves improvements in recruiting, selection, performance management, training,
compensation, career development, team and culture development, and organization design.
After assessing the human resource capability for an organization, actions can then be taken

CMU/SEI-93-SR-19



Chapt.r 3 TemWmi Foaus Aosm Draft SEI Program PAns: 1994-1998
Process
Five-Yew Pl
Polential Pmducts

to improve these capabilities in line with the desired business needs for an organization. Dur-
ing 1993, a steering committee will be convened and an initial workshop will be held in late
1993 or early 1994. It is expected that the first version could be available in 1994 for pilot test-
ing.

Software Process Assessment (SPA) Method (10 and 3Q 1994). This diagnostic method
offers software organizations an opportunity to determine where they are positioned relative
to the maturity levels of the CMM. It is also an integral component of an improvement program,
both in establishing a consensus on the problems facing an organization and serving as a cat-
alyst in initiating action planning. The upgrading of the assessment method to use CMM v1 .1
will be completed in late 1993 for maturity levels 1-3. Higher maturity levels may require differ-
ent techniques. These would be made available beginning in 1994 and completed in 1995 af-
ter pilot explorations are completed. The upgraded assessment method and training will be
available on a limited basis to selected software organizations and associates in 1993 and will
be broadly available in 1994. This upgrade involves additional training and products to make
the assessment method more repeatable and consistent across assessment teams.

The SPA method has been licensed to commercial organizations (e.g., the SPA Vendor As-
sociation) to increase the availability of assessment services. In the future, the SEI will expand
the SPA vendor association to include additional associates and to address other process im-
provement needs. Additionally we are seeing a need for an assessment method for small or-
ganizations; this work will begin in 1994 and may be extended once we have determined the
real need that exists across the software community. In future years, we will be expanding our
work to include advances in process improvement action planning and implementation.

Based on current input, we may have assessment methods that can be executed in varying
amounts of time, e.g., one day through several days, depending on the needs of an organiza-
tion. The appropriate assessment method will be chosen based on organizational needs and
constraints. For example, organizations that have performed full SPAs would like short snap-
shots during the course of their action planning and between full assessments to ensure that
they are on target with their process improvement goals. Still other organizations are looking
for a one-day scan to understand where they are with respect to the CMM. In all these cases,
the full eight-day assessment is viewed as too costly. An abbreviated method set is needed to
meet these user requirements. Each assessment vehicle will use the CMM framework, data
collection, and analysis techniques and related products such as the questionnaires. Option-
ally, other tailoring techniques may need to be introduced during 1994.

Software Capability Evaluation (SCE) Method (10 1994, 1996W7). This diagnostic method
allows procuring organizations to use the CMM to evaluate the risks of potential contractors
and for contract monitoring for both the govemment and civilian sectors. Use of this diagnostic
method in evaluating subcontractors and in monitoring requirements by both government con-
tractors and prime contractors is expected to significantly increase during this period. Upgrad-
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ing of the SCE method to use CMM v1.1 will be completed in 1993 and will be broadly
distributed during 1994. This upgrade involves additional training and products to make the
method more repeatable. Implementation techniques, practices, and user support materials
are being collected into several guides that support the installation and long-term maintenance
of this method. The ability to train this method will be transferred to selected DoD instructional
facilities, other government agencies, and commercial organizations.

The SCE method and related documents will be improved incrementally and maintained until
the next CMM is released in 1996/7. Piloting improvements with other government agencies
(such as the National Oceanographic and Atmospheric Administration (NOAA)) and selected
industry contractors using a structured transition approach as the framework for evolving the
SCE method will result in expanded products and services. New industry partners will be
sought to continue these efforts and refine the method for community institutionalization.

Software Process Definition (SPD) (2Q 1994, 1995). A prerequisite for orderly, sustained or-
ganizational process improvement is the definition of organizational processes. These pro-
cesses are subsequently instrumented and deployed. Then at appropriate intervals, an
analysis of qualitative and quantitative measures taken from these processes is used to for-
mulate action plans to improve the process. This cycle is a fundamental process management
concept and is dependent on achieving process fidelity or adherence in practice to the defined
process.

Data from SEI software process assessments suggest that process fidelity (i.e., disciplined
performance of specific actions) is low, and that many software processes are applicable only
within the context in which they are being used. Current approaches to process definition lack
the rigor and guidance that are required to produce 3 fit, usable process that will support the
process management paradigm. Current process definition technology shares these deficien-
cies.

SEI software process definition research is guided by the needs of SEPGs, managers, and
practitioners, from low- through high-maturity organizations. A collection of methods, guide-
lines, criteria, and models is being assembled to help organizations implement the document-
ed, disciplined processes. These techniques cover the specification, design, tailoring, and
implementation of improved software processes. They are based on an "engineering" ap-
proach that incorporates process management principles, process design guidelines and cri-
teria, and process specifications derived from the CMM. They are supported by examples and
instances of process architectures and elements.
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As these techniques mature, they will be transitioned into general use through the evolving
process technology transition infrastructure. Techniques for organizations with Initial through
Defined maturity levels will undergo refinement and pilot testing during 1993 and early 1994.
Training in these techniques and supporting materials is being offered to selected SEI strate-
gic partners during 1993. A public offering is planned for 1994.

At the same time, advanced process definition techniques suitable for high maturity organiza-
tions are being investigated. Results will support the implementation of advanced process en-
gineering capabilities. This work is addressing several state-of-the-art practices including the
development of formal software process models, automated process analysis, and process
enactment. Formal software process models based on graphical or textual languages with for-
mal syntax and semantics will support automated analysis. Formalisms that support behavior-
al simulation (e.g., state machines or petri nets) can be used to analyze and evaluate the
impact of a process change prior to implementation.

The planned and potential work described is facilitated through collaboration with a balanced
mix of DoD, government, and industry partners.

Software Measurement (1Q and 40 1994). A collection of methods is being assembled to
assist organizations in integrating measurement methods into their software process improve-
ment programs. These techniques, tailored to the organizations' level of maturity, will be in-
stalled by project managers and SEPGs. During 1993, we began developing and pilot testing
a workshop drawn from lessons learned from our measurement installation efforts. This work-
shop will be widely available beginning in 1994. Updates and improvements will be made to
materials during the strategic period. At the same time, work will begin to probe new areas of
measurement as requested by the community. These efforts include cost estimating tech-
niques and other requirements at levels 4 and 5 in the CMM. Measurement definition check-
lists and frameworks will be developed for product measures. The current focus is on
providing:

"* Measurement definitions and methods for describing and reporting software
measures that can serve as a basis for standardization.

"* Guidelines, based on experiences, for establishing and sustaining successful
measurement programs.

* Guidelines for integrating measurement with the CMM.

* Improvements in cost and schedule estimating processes for planning and
managing software systems.
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Empirical Methods and Studies of National Process Issues (4Q 1994, 1996%). Tools to

supplement SEI SPAs and support management tracking of process improvement are being
developed collaboratively during 1993-94. For example, the Instant Profile, a rapid method to
measure status between organizational assessments, is under development in collaboration
with Pacific Bell and Hewlett-Packard. An alpha-level prototype with materials and tools will be
completed by the first quarter of 1994, and a beta-level product will be built by the end of the
year.

We will initiate an empirical study to validate the improvements experienced as organizations
increase their maturity levels. Initially, business investment payoffs such as increased fidelity
to schedules or reduced product defects will be reported in anecdotal case studies. As the
time-series data on measures that we will begin to collect in 4093 become widely used, quan-
titative and rigorous reports of changes in process efficiency and product outcomes will be pro-
duced and released. Repositories of CMM-related data will be maintained for analysis during
this strategic period. State-of-the-practice reports summarizing the benefits of software pro-
cess improvement will be issued, as well as reports resulting from the data acquired from the
SPAs.

Process Value Method (PVM) (1995). The PVM is a new initiative for the SEI. A preliminary
version of the PVM is intended to be available for pilot testing late in 1994 or early 1995. The
method would allow a project manager or SEPG to provide a perceived value from a business
perspective for a process change whether the change is at the level of an SPA or SCE, a KPA,
or a particular activity within a KPA. For example, if an organization is presently not performing
inspections or peer reviews, then an SEPG could determine the costs, schedule, and quality
effects that the organization will probably incur using the PVM. The method should allow the
organization to understand what will be required in resources to make the change to perform
inspections or peer reviews, and finally the expected results or values. The PVM is a repeat-
able method and thought process to guide the project manager or SEPG to estimate today's
values and the expected new values after a process change has been implemented. The
method will support both quantitative and qualitative aspects to determine value.

These defined potential products are reflected in the roadmap in Figure 3-4.

CMU/SEI-93-SR-19 39



ChaMter 3 Technical Focus Areas Draft SEI Program Plans: 1994-1998
Process
Frve-Year Plan
"-otential Products

0 0 .
0O 0' 4

,0I
0i

SC

CV) 9 -, M~,.

L 0 0S

01

00

40OL 
CM/EI9-S-1

oaa

06 a

T, Sa S -;.Ww

L 0

CL 0 .

U) U)

Figue 34: ive-earTecnicl Prduc Rodma
fo th Prcs Focs re

40~. CMUSE*9- -1



Doraft SEI Pmrgn Plgn: 1994- 19 8 ChmNr 3 TocMcul ocMus LMe
Procms•

O.wYew PtanConB

3.2.2 One-Year Plan

3.2.2.1 Context

During 1994 we will complete the distribution of materials, methods, and courses based on
CMM v1.1. The CMM v1.1 was distributed in 1093. Upgraded training and materials for per-
forming process assessments and capability evaluations as well as the CMM will be main-
tained, updated, and reissued as necessary. The 1993 upgrades involved pilot testing of all
methods, materials, and courses. Knowledge from these pilots and ongoing use will be inte-
grated into the maintenance upgrades. We will complete the transfer of these methods on a
limited basis to appropriate distribution partners (SPA Vendor Association, DSMC, etc.) to ex-
pand the availability of these methods to their relevant communities.

We will continue to expand the methods that are available to the SEPGs for process improve-
ment by developing training courses for using process definition techniques and installing soft-
ware measurement programs. We will continue to pilot these and other techniques with our
strategic partners to get feedback on how best to design, teach, and package these tech-
niques for broader distribution. These pilot programs are designed to enhance significantly the
capability of military and other government agency organizations to develop and maintain soft-
ware. We will be collecting lessons learned from these efforts and will be codifying them for
dissemination to the broader software process community. We will continue efforts in support
of the software cost estimation improvement initiative and focus on developing defined pro-
cesses for cost and schedule estimation. Efforts to promote and influence standards activities
will continue for the CMM and the software metrics standardization activities.

We will actively increase our involvement with resident affiliates during 1994. This skill base
has helped process area initiatives in the past.
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We will foster the development of a software process improvement community through the an-
nual SEPG National Meeting and a national infrastructure of SPINs. In 1992 there were two
SPIN groups in the United States. By 1993 there were five. It is anticipated that these groups
will continue to increase. The SPIN groups represent the software organizations in industry in
areas such as Boston and Washington, D.C. The 1st SEPG Annual Meeting had an atten-
dance of 46 in 1988. In 1993 attendance was 520 (see Figure 3-5). Figure 3-6 shows the in-
crease in training for SCE. These figures reflect the rapidly growing interest in process
products and services in the software community.
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3.2.2.2 Core Funded Activities
Core funding in 1994 will be used to complete a number of 1993 initiatives and to maintain and
evolve the CMM. Some core funding will be applied to SPA and SCE for infrastructure, pro-
gram management, guidance and advice, and partial maintenance of the products delivered
through 1993. Additionally, we will apply core funding to begin the PVM, develop the CMM for
small organizations, and explore the expansion of practices for levels 4 and 5 in 1994. In 1994,
research in the process focus area will be conducted in the following areas as described in
Section 3.2.1:

* software measurement
e software process definition

* CMM validation

3.2.2.3 TO&P Funded Activities
To continue to meet the growing needs of the software process community, the SEI must sig-
nificantly increase its TO&P funding for the process focus area beginning in 1994 and continu-
ing through 1999. Since a number of CMM v1.1 related products and services will be available,
it is the intent to work with funding agencies in the government sector and with industry to di-
rectly transfer these products and services. We expect additionally to attract both government
and civilian TO&P and cost recovery funds to help expand existing SEI products to meet the
expected growth in user requirements for change and modifications that may become evident
with broader use of the methods, materials, and courses. TO&P funding will be required to
cover work with the human-resource aspects of the CMM and to make more specific the needs
of clients of the PVM.
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3.3 Risk

The software-producing community often makes technical decisions without adequately un-
derstanding the impact of those decisions because of software and system complexity. Man-
agement can also make decisions that drive inappropriate technical decisions, and then they
are routinely surprised by unexpected technical problems, which usually manifest themselves
in cost overruns and schedule delays. However, cost overruns and schedule delays are only
symptoms of the root problems. Changing requirements, ad hoc development processes, new
technology, and unprecedented engineering of technology, for example, represent sources of
uncertainty and therefore risks to developing software systems. Not only is software critical to
systems, but all areas in systems development are potential sources of software risks; there-
fore, risks must be viewed within a system context (see Figure 3-7).

Figure 3-7: Risks Within a System Context

Validated and systematic methods and processes to identify and r.,anage software technical
risk are necessary if software development is to become an engineering profession. Engineer-
ing is structured and disciplined, even when dealing with problems. Software development
must use structure and discipline and become more proactive and disciplined, and less reac-
tive in dealing with software technical uncertainty. A systematic and validated process to iden-
tify and analyze technical uncertainty is necessary to move the software engineering
community from one with ad hoc practices to one that manages software technical risk. Suc-
cessful programs identify risks early, and, therefore, are able to seize opportunities such as
exploiting technology with greater reward or lower risk.

Proactively addressing uncertainty is a rational approach in developing and implementing
sound program strategies-strategies that weigh program opportunities and risks from both
business and technical perspectives. For example, one would develop a program strategy on
reengineering product XYZ by weighing the advantages of the technology and processes with
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the uncertainties perceived from the existing and predicted conditions. A risk-aware approach
supports any environment where change, precedence, or uncertainty is a factor. Reengineer-
ing, reuse, large-scale development, and unprecedented technology are a few examples
where risk management would be effective in the acquisition and development strategy as well
as in the program implementation (see Figure 3-8).

The SEI is focused on identifying and analyzing software technical uncertainty to present the
decision maker with the right information in a timely fashion. Since such generally accepted
methods do not exist currently for software, we seek to develop processes and supporting
methods that will systematically identify and analyze software technical uncertainty. We seek
to improve program successes by identifying key risk management practices and the criteria
by which they can be integrated into software development processes and program manage-
ment. Risk management will be established as an organizational capability, executed on a
continuous basis, and integrated within the context of program management.

Risk Management
Integral to Program Management

Process
Process Change

Improvement

System ._1•••),m• eeomnconrnwdce system '

Requirements DSvem

system

Product 
Product Product

Improvement Change

Figure 3-8: Balancing Opportunities and Risk
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3.3.1 Five-Year Plan

3.3.1.1 Goals
The goal of the risk area is to raise the maturity of the practice and management of software
engineering through the development and transition of products and services, that enable soft-
ware engineers and managers to better identify, analyze, and manage the technical uncertain-
ties in software-intensive systems. This improvement will be achieved by providing proven and
tested methods and processes in the form of education, training, questionnaires, and data
gathered from govemment and civilian practices. Software engineers and managers will be
able to make better decisions about the technical issues inherent in the next generation of soft-
ware systems because they will:

* identify risks before they become problems
* communicate risks in a positive, non-threatening way
* resolve technical risks in a cost-effective way

In last year's plan, the goals in the risk area were conservative:

"* Navy Program Executive Office (A) program managers will have
incorporated software risk management into their acquisition process.

"* DSMC and commercial training organizations will have continuing education
offerings on software risk management.

"• Major DoD contractors will have incorporated risk management into their
software development process.

The SEI has made significant progress in developing a model of software technical risk man-
agement and validating those methods through its field activities. This improved understand-
ing is reflected in more aggressive goals and product development.

Very little data exist today upon which to base quantitative measures of success for the SEI
risk identification and management efforts. By 1999 we seek to have in place a system that
will allow quantification and tracking of SEI effectiveness in reducing risk, and evidence that
our techniques are effective. In the meantime, we are using the following as measures of
success:

"• Evaluations provided annually by our TO&P customers via "sponsor
feedback forms."

"* Numbers of clients who collaborate with us in independent risk assessments
and team risk management activities.

"* Risk identification training courses.
"* The number of participants at the annual SEI Risk Conference.
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We expect that by 1999, risk management will be using validated methods systematically in
acquisition and development throughout the life cycle, and a new paradigm of team risk man-
agement will join the customer and developer in a cooperative spirit of proactive risk manage-
ment. In addition:

1. Software risk management will be recognized as a key practice in the acqui-
sition life cycle.

"* Risk management will be established in government and civilian standards
with documented methods and processes.

" System acquisition strategies and decisions will be based on information
from proactive, systematic, and validated risk management methods.

"* Formal program reviews will be conducted using systematic and validated
risk evaluation methods.

"e The DSMC will have courses on software risk management in acquisition.
2. Software risk management will be recognized as a key practice in the

development of software-intensive systems.

" Major DoD contractors will have incorporated risk management into their
software development process.

"* The SEI will have an established national repository of risks and supporting
risk reduction strategies based on information gathered from strategic
partners and user networks.

- Commercial training organizations will have continuing education offerings
on software risk management.

3. SEI team risk management that builds on the strength of integrated customer
and developer risk management will be adopted as the benchmark for
integrated p Auct teams using systematic and validated methods and
processes.

"* Major government programs will have integrated customer and developer
risk management activities-team risk management.

"* Team risk management will have integrated technical, cost, and schedule
risk management into continuous, routine program management in major
programs.

"* The DoD will have adopted team risk management as their acquisition and
development practice.

3.3.1.2 Strategy

Our strategy is based on an evolutionary approach that builds credibility and awareness
through contact with actual projects and hands-on application. We nurture strategic partner-
ships to establish an operating base to leverage experience and knowledge through testing of
methods. For example, we have conducted numerous interviews and assessments with civil-
ian and government programs to identify the needs and current practice of software risk iden-
tification and management. This information has been used to guide our development effort.
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Through interviews, assessments, and collaboration with strategic partners, we are building a
knowledge base about software technical risks, and strategies for dealing with those risks. The
SEI is in a unique position to gather this information from many sources and aggregate it for
use by the community. These data (our knowledge base) provide a foundation for the improve-
ment of identification methods and a source of information that developers can use to identify
and manage software risks on their projects. Workshops, working groups, seminars, and con-
ferences will also be used to gather information, obtain feedback, and raise the awareness lev-
el of the community. This interaction with the community also establishes the baseline against
which to measure progress in improving the practice of software risk management.

In earlier work, we developed a paradigm for risk management (see Figure 3-9). The paradigm
is our model of how the different elements of software risk management, described below, in-
teract:

"e Identification locates risks before they become problems and have an
adverse effect on a program.

" Analysis converts raw risk data into decision information.
" Planning turns the information into decisions and actions both present and

future.
" Tracking monitors the status of risks and actions taken against risks.
"e Controlling corrects for deviation from planned risk action.
" Finally, communication provides the visibility and feedback on risk

activities, current risks, and emerging risks internally and externally.

Communicate

Figure 3-9: Risk Management Paradigm
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The paradigm serves as a framework for describing how software risk management can be
implemented. It provides the infrastructure for evolving the risk management building blocks
and for integrating risk management into existing and future software development programs.

Our strategy is to elaborate and describe this paradigm as we gain experience from testing our
methods. For each element in the paradigm, we plan to provide guidance on specific imple-
mentation methods and techniques. These methods will come from existing best practices or
will be developed specifically to support risk management. Using the paradigm as a frame-
work, we will solidify components of risk management methods and techniques into processes
that can be put into routine, continuous practice.

We are developing techniques such as a taxonomy-based questionnaire and a matrix corre-
lation method to discover risks. By applying these systematic and disciplined methods to sev-
eral projects through field activities, we are also gathering a valuable database of information
about risks and actions to resolve risks on a wide range of projects. These data are adding to
our knowledge base to be shared on a wider scale as a source for managing risks.

Risk planning addresses strategies to mitigate risks. Methods to address planning are evolv-
ing as we work with our strategic partners. The track and control elements are an integral part
of project management, and, much like planning, we have developed a simple approach that
we are evolving with our strategic partners. The many existing practices in project manage-
ment provide the basis for integrating risk management into existing practice.

To be effective, we must not only provide methods for identifying and managing technical un-
certainty, but we must also provide methods to facilitate the communication of risk issues. In
addition to the usual cultural barriers, the common negative perception of risk makes change
even more difficult. The communication process must depersonalize risks so they are viewed
as opportunities for program success. Factors for communication are in all the method devel-
opment and field testing activities.

From the perspective of transition to the client community, SEI risk work focuses on three ar-
eas: acquisition, development, and team risk management. The risk management methods
discussed previously are enhanced and integrated for effective application in each area. (See
Figure 3-10.) All application areas contribute to and use a common repository of risks and mit-
igation strategies (see page 53).

In the acquisition area, the focus is on evaluating the software technical risks for a specific pro-
gram either by a customer or independent agent. The potential acquisition products cover risk
evaluation and independent risk assessment methods and their application within the acquisi-
tion community. Future effort would evolve risk identification and analysis methods as major
contributors for determining an acquisition or development strategy such as a specific reengi-
neering approach on a given program.
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Risk management improvement is the main focus in the software development area. The em-

phasis is on evolving potential products to address improving the organization's risk manage-
ment practices of organizations. This will include defining key practices as an integral part of
the SEI CMM Several companies are participating in the development and testing of risk man-

agement methods through technical collaboration agreements. These agreements allow the
SEI methods to be proven in field conditions and the best practices to be shared by the entire
software development community. This work is a vital part of the transition strategy for rapidly
improving the state of the practice of risk management.
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The team risk management area promotes a new paradigm of shared commitment to manage
program risks as a team on a continuous basis. The potential products are an elaboration of
the team risk management concept and a user's guide that promotes risk management as a
continuous process integrated into program management practices. Specific methods are de-
veloped addressing joint activities and cooperative risk management in the context of the risk
paradigm. The team risk management process is developed through multiple strategic part-
nerships allowing long-term, joint collaboration with the customer and developer on active pro-
grams. This integrated product team work is a vital part of the SEI transition strategy for rapidly
improving the state of the practice of risk management. Since communication is vital to a team
approach, other potential products will include methods that enhance inter-communication
and lower the inherent barriers to communication.

To ensure a successful transition strategy, we are approaching transition systematically by tar-
geting products to leverage limited SEI resources and to support adopting and sustaining the
technologies. This includes community awareness activities such as conducting the annual
SEI Software Risk Conference, and presenting risk management tutorials at conferences and
SEPGs, and to customer and developer working groups. These activities provide the addition-
al benefit of feedback on our work. Education, training, collaboration, and publications will be
our primary instruments for affecting understanding. For example, education and training in-
cludes the risk taxonomy questionnaire tutorial and software risk management tutorials. Col-
laboration is addressed by the field activities to test specific methods with our government and
industry partnerships. Installation is affected by teaching executive courses on risk manage-
ment and conducting independent risk assessments. Finally, we are addressing adoption and
institutionalization by conducting team risk management, risk management improvement, and
independent risk assessment activities, and by producing guidebooks and handbooks such as
the Software Risk Capability Improvement Guide, Team Risk Management Handbook, and a
software risk reference or textbook.

3.3.1.3 Potential Products

Global

SEI Software Risk Conference (annual). This conference addresses the wide range of
needs of SEI customers, from practitioners to managers in both the government and civilian
sectors. The purpose is to provide a forum for the exchange of ideas, an opportunity to be ex-
posed to best practice, and an awareness of current experiences in software risk manage-
ment. The conference provides current information on risk management methods, theory, and
practice through invited presentations, panel discussions, and workshop formats. It has prov-
en to be an important mechanism in estahlishing a community of research and practice in soft-
ware risk management.
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Risk Data Repository (1996). The risk data repository will be populated initially with data col-
lected from field tests and risk assessments conducted by the SEI and strategic partners. The
database will contain entries in risk and mitigation strategies and will be designed to use more
data as they become available. As a repository it would provide reliable information on what
risks programs have faced for particular situations and over their lifetime, and how they dealt
effectively with those risks. The repository will provide a two-way avenue of information to cli-
ents and will become more robust over time as new information is received and validated.

Development

Risk Identification Training Course (4Q 1994). This training module will prepare software
knowledgable engineers to identify software technical risks. The module will be designed to
prepare a software risk assessment team; however, the instruction will be useful to technical
managers interested in methods that systematically identify software technical risk. The par-
ticipants will learn to use methods to identify software technical risks and how the methods are
applied in a program-assisted risk assessment process. The module development includes in-
structional material, method descriptions, lectures, and active participation to learn the meth-
ods. The taxonomy and matrix risk identification methods and their application will be
described in detail including examples from actual experiences and pitfalls to avoid.

Tailorable Taxonomy-Based Questionnaire (1995). As part of continually striving to make
the risk identification process as practical and efficient as possible, a tailorable taxonomy-
based questionnaire will be produced. This product will take into account the characteristics
of projects being assessed including the domain, life-cycle phase, and type of project.

Risk Analysis Training Course (1995). The risk analysis module will address analysis of the
risks identified by the taxonomy method, the matrix method, or any other method a developer
uses to identify risks. The module will cover training the methods to produce a prioritized list
of risks clustered by taxonomic categories for a project to plan mitigation strategies. Similar to
the Risk Identification Training Course, it is designed to prepare a software risk assessment
team, and it will be useful to technical managers as well.

Software Risk Capability Improvement Guide (1996). This guide will address practitioners
and managers who need an understanding of the best practices in risk management. The
guide will include an elaboration of the risk management paradigm and how risk management
is made an integral pr' of project management. It will describe in detail methods P-:c tech-
niques that implemer.. iisk management as illustrated by the paradigm (for exampl ', now to
identify, analyze, and take action on software risk). It will provide a framework for integrating
these methods as routine practice into the specific environment of the project. This guide will
provide the supporting material for training courses and improvement projects on risk manage-
ment.
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Acquisition

Independent Risk Assessment (10 1994). This service applies the Software Risk Evaluation
(SRE) method on a program at the request of a sponsor to produce findings, conclusions, and
recommendations about software issues and risks. The SRE method provides a systematic
and validated way to assess program risks. It is an attractive alternative to "red teams" be-
cause it is effective and repeatable. More importantly, the SEI systematic method tends to de-
personalize the findings and defuse the adversarial barriers that mark "red teams." This
service provides the client with issues and recommendations as well as opportunities where
the SEI can apply its other products and services to improve a client's maturity in organization-
al and management processes, technology, and practitioner skills.

Software Risk Evaluation (SRE) Handbook (40 1994). This document will provide a full de-
scription, along with the appropriate tools, of how to conduct an SRE. It is intended for use by
expert reviewers as a supplement to training, and as a reference to conducting software risk
evaluations. Expert reviewers will be able to follow the steps within the handbook and refer to
it for suggestions in identifying issues, drawing conclusions, and making recommendations.

Software Risk Evaluation (SRE) Train-the-Trainer (1995). This training will provide the nec-
essary support for expanding the application of the SRE across the DoD. It will consist of two
parts: (1) a training methodology and supporting documentation that the SEI will use to train
selected DoD employees and xhrough which they can become certified to instruct other DoD
employees to perform a SRE, and (2) a training methodology and supporting documentation
that the previously trained and certified DoD trainers will use to prepare other government em-
ployees to conduct SREs.

Predictive Decision Tool (1995). This tool is designed to provide the acquisition manager
with a way to apply the resulting data from an SRE to predict possible outcomes. This data will
be used to create predictive scenarios that can be managed by program management. The
scenarios will also be clearly defined by means of the SRE-identified risks to the program, and
the actions that must be taken to mitigate those risks. The tool will be designed to use data
provided by other data gathering mechanisms such as the U.S. Army Readiness Growth
Model.
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Team Risk Management

Team Risk Management (10 1994). This is a service in which the SEI applies the team risk
management paradigm to customer and developer strategic partners on selected programs.
The SEI is applying methods that have expanded the concept of integrated product teams to
cooperative risk management. As a result, both customer and developer (i.e., govemment and
civilian) receive methods for independent and joint activities that engender cooperative risk
management. The SEI installs the methods within the customer and developer organizations
and facilitates the joint or "team" activities.

Team Risk Management Tutorial (40 1994). This tutorial will provide a training package to
address both customer and developer participant instruction for team risk management. The
training material will be designed to prepare the customer and developer to initiate and sustain
independent and joint risk management activities on a continuous basis.

Team Risk Management User's Guide (1995). This guide will address customer and devel-
oper management processes and methods to implement and sustain continuous team risk
management. The guide will elaborate methods and tools for individual and joint activities that
integrate into a continuous program management infrastructure. The guide will describe how
these become a part of the existing program management practice.

Program Manager's Risk Indicators and Alerts Tool (1996). This product provides man-
agement tools for risk identification and tracking. A major focus will be on making the program
risk exposure visible, relevant, and understandable to managers. As mentioned previously,
the instrumentation in the space shuffle or a nuclear power plant control room provides vital
information on the health and status of systems. The SEI will produce mechanisms, e.g., a pro-
gram manager's control room, that would provide minimum essential management indicators
and alert information much like gauges and indicator lights to provide real-time information. By
also correlating the situational data to the data in a repository of risk management, both com-
mon rsks and mitigation strategies data, management would have a predictive capability to
identify new risks and possible outcomes.

Program Manager's Assistant (1997). This longer range product will unify the methodology
of risk management and the SEI risk data repository as a support tool for program managers.
The computer-aided approach will provide assistance in identifying risks proactively by exploit-
ing the SEI risk data repository to be alert to systemic or common risks. The tool will support
analysis and tracking of risks on a continuous basis, building on the capability of the program
manager's risk indicators and alert tool, and the predictive decision tool. It will also assist in
developing mitigation strategies and exploiting data from the repository to suggest mitigation
strategies to prevent risks.

Figure 3-11 shows the five-year technical product roadmap for the risk focus area.

CMV/SEI-93-SR-19 55



Chapter 3 Technical Focus Amoas Draft SEI Program Plans: 1994-1998
Risk~
Five-Year Plan~
Potential Products

cc 2 Ca

00

0 cc IDC-

V CO : )C L

#A 0ICIIJigd 0.

.2 C

0,M

C * ~

10 0 0 0 SE .E

Figure 3-11: Five-Year Technical Product Roadmap
f or the Risk Focus Area
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3.3.2 One-Year Plan

3.3.2.1 Context
SEI risk activities focused initially on the creation of software risk management methods to
identify and analyze software development risks. In 1993, the SEI put more emphasis on prod-
ucts to support acquisition. The Software Action Plan (SWAP) Working Group (WG) spon-
sored an SEI activity to develop a process of expert review to evaluate software risk in major
acquisitions within the DoD. To accomplish this set of tasks, an initial deliverable was complet-
ed and delivered to the SWAP-WG on April 30, 1993. This deliverable, the SRE, Version 0.1,
was designed around the taxonomy-based questionnaire (TBQ).

Work continues on the TBQ for the identification of development risks. The TBQ evolved
through a research program drawing on software development expertise, the analysis of soft-
ware development literature, and analysis of data collected through applying the questionnaire
in a series of field tests on software-intensive projects within various government and civilian
organizations. The questionnaire is based upon a taxonomy of software development focused
on identifying risk throughout the development life cycle. The TBQ has proved to be an effec-
tive method not only for the identification of project risks, but also L.; a catalyst for communi-
cation within projects. The taxonomy-based questionnaire method was published by the SEI
in June 1993 (technical report CMU/SEI-93-TR-6, ESC-TR-93-183).

We also developed and presented a one-day tutorial that provides insight to executives and
middle management about software development risk and what it means to the success or fail-
ure of a software-intensive project to raise the awareness of the necessity of well-organized
risk management to increase the probability of project success. The tutorial provides the foun-
dation for additional details of identification and analysis training course modules being devel-
oped in 1994.

NOAA provided an opportunity to test the risk identification and analysis methods directly with
a government program office, laying the groundwork for risk management within a large ac-
quisition program office. This provided confirmation of activities that support a team risk man-
agement paradigm. This work will develop an action planning/decision model that will provide
an approach to developing risk mitigation strategies. It will describe the criteria for developing
action strategies and indicators and alerts to track changes in the risk state.

The Navy PEO(A) continued to provide the SEI with unique opportunities in 1993 to evaluate
our approach in both government and civilian settings. This has allowed us to evolve and test
our team risk management concept in active programs. As a result the team risk management
methodology is documented and tested to support development of the team risk management
tutorial and user's guide.
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The ongoing collaboration with government and industry partners provided the opportunities
to develop and test other methods and concepts such as risk analysis, action planning, and
risk metrics.

3.3.2.2 Core Funded Activities

The third annual Software Risk Conference will be held in Pittsburgh in March 1994. The con-
ference will consist of refereed papers, panels, and invited speakers from industry, govern-
ment, and academia and will help to raise the awareness level of the community pertaining to
software technical risk and how it fits into software program management. We expect an even
larger representation of information and experiences with risk management practice.

Several companies will continue participating in the development and testing of risk manage-
ment methods through technical collaboration agreements. These agreements include tasks
that the company and the SEI will further develop and evolve as risk management methods.
Through these technical collaboration agreements not only are the methods developed by the
SEI being proven in field conditions, but also the best practices of each company are being
merged and integrated into a total risk management framework for the entire software devel-
opment community. This work with companies is a vital part of the transition strategy for rapidly
improving the state of the practice of risk management. The field work will provide the empiri-
cal data to improve and update the TBQ. Further development of the method will provide the
capability to tailor the questionnaire to allow for differences in the life cycle and the product
application or program domain.

We have already gathered a plethora of data from work with government and civilian sectors
and are building a database for risk information. We plan to develop this work into a data re-
pository. The risk data repository will become a community asset containing invaluable data
to develop empirical and model-driven approaches to software engineering. One of the major
problems facing software engineering is the lack of accessible data about the development
and use of software products, what software development practices have been tried, and their
effectiveness in particular contexts of use. Consequently, we are presently forced to resort to
non-empirical arguments in deriving many software engineering methods, tools, and ap-
proaches.

The data in the repository will include common risks, risk mitigating actions, results, and les-
sons learned. Once obtained, structhred, and analyzed, the data will also yield rich information
on the relationships among risks, risk causes and attributes, and relative values of risks that
will, in turn, be used to support the determination of risk ordering and prioritizing. Figure 3-12
is a schematic of how we envision repository use in risk management.
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Figure 3-12: Risk Data Repository

The central research issues in developing and populating the risk data repository are about
structuring these data in a form that will enable access in developing and practicing risk man-
agement. Other supporting research issues are: (1) the determination of the types of data that
are needed, (2) the identification of existing and potential sources of these data, (3) the meth-
ods to acquire existing data, and (4) the methods to capture data from potential sources (i.e.,
that are generated in the course of software development but pragmatically difficult to record).
These issues will be addressed by continuing the current efforts in information analysis and
modeling at the SEI and the CMU Engineering Design Research Center (EDRC).

The Risk Identification Training Course, targeted toward software-knowledgable engineers to
identify software technical risks, will evolve from our field testing in the third quarter of 1994.
This material is building upon the previous work developing and testing the TBQ and brings
additional methods for identifying risks.
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Research will begin on a predictive decision model (PDM) to support software risk evaluation.
This model is the foundation for a tool to provide the acquisition manager a way to apply the
resulting data from an SRE. The predictive decision tool will be based upon this model, which
makes use of various types of data and regression analysis to arrive at levels of impact from
causative values of identified variables. The variables come from risk identification methods
such as the TBQ. Applying weighting factors, the temporal site (time of data gathering) will
specify the current status of the software development program being evaluated. Using rigor-
ous statistical analyses, the predictive method will move the temporal site forward in time to
predict future outcomes. The ability of the model and supporting tool to accomplish this pre-
diction is dependent on the clear identification of a program's risks and the relative stability of
the development program from major situational changes. Major change activity requires new
risk identification data to refresh the prediction. By reviewing the predictions and coupling them
with past situations, trend lines can be identified to assist the decision maker.

3.3.2.3 TO&P Funded Activities

The SEI will document the SRE method in the first quarter of 1994 to support the independent
risk assessment service performed by the SEI. This service provides a client with issues and
recommendations as well as opportunities where the SEI can apply its other products and ser-
vices to improve the client's maturity in organizational and management processes, technolo-
gy, and practitioner skills.

We are working with the Coast Guard Program Systems to Automate and Integrate Logistics
(SAIL), using the SRE method. The thrust will be to evaluate the four competing architecture
concepts for technical feasibility and risk. This provides the framework for future improvement
needs that the SEI can apply from other products and services.

The SRE activity will initiate train-the-trainer product development and an SRE field operations
handbook and test them during actual evaluations. The SRE Handbook will be completed in
the third quarter of 1994, and the train-the-trainer product will evolve in 1995. These compo-
nents are necessary to support the execution of an SRE, training the personnel resources that
the DoD already applies to standard acquisition program evaluations, and reference material
to support the conduct of an SRE. Work that began in 1993 to support independent risk as-
sessments will be delivered as services to sponsoring agencies that fund these activities.

Direct work in programs through strategic partnerships is importar., :,r most development, but
vital for developing the team risk management methods. We will continue collaboration and
development focusing on integration of risk management into program management and de-
veloping techniques and guidelines to better communication. All the collaboration efforts will
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add to our database of risks and mitigation strategies. Implementing team risk management
processes will be provided as services to selected strategic partners that include both custom-
er and developer. This process and the supporting methods will be documented by the first
quarter of 1994.

The Navy PEO(A) strategic partnership will continue our collaboration on team risk manage-
ment through 1994. We anticipate other long-term collaborations with other services and
NOAA that will broaden our experience base and the opportunities to develop information
about risks and mitigation strategies for our data repository. In the fourth quarter of 1994 we
will provide what we have learned as a tutorial on team risk management. We will be focusing
much more on additional risk analysis methods and developing risk mitigation strategies. We
will also be laying the groundwork for risk indicators and metrics. These methods will all be
information for a team risk management user's guide in the future.

Another important concept is the cooperative use of data to predict useful outcomes for team
risk management. Much like the instrumentation in the space shuttle or a nuclear power plant
control room that provides vital information on the health and status of systems, we are explor-
ing what data can be used and how to use them to track and predict items at risk. These meth-
ods would include management indicators and alert information to provide instantaneous
assessment of the situation to management. By also providing the correlation to the data in
the previously mentioned repository of risk management data, the situational data would pro-
vide predictive capability to identity new risks and possible outcomes. The methods require
both a sound technical foundation and effective communication attributes to become useful to
managers; therefore, there is a focus on minimum essential information and its presentation.

Based on the results of our team risk management activity, we will begin to document infor-
mation into a user's guide for team risk management. The guide will be completed in 1995.
We will use to capture much of the information of a complete paradigm of cooperative risk
management.
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3.4 Methods and Tools

Demand for software intensive systems is not only constantly increasing, but the systems are
growing in both size and complexity. In the past, systems were built in an ad hoc fashion, lack-
ing a systematic approach. Engineering knowledge about a system was rarely preserved other
than through the experience of individuals. Larger systems were created making little use of
existing components. When existing components were used, they generally required signifi-
cant work because they were never designed to interoperate. Current software engineering
practices cannot keep up with the demand for engineering software systems as well as reengi-
neering the legacy of old systems.

Improvement of the current state will be accomplished through codification and systematic use
of engineering knowledge rather than looking for the best method or tool to perform an engi-
neering function. Certainly that knowledge can be more efficiently supported by appropriate
methods and tools, but more effective and efficient software engineering practices have to be
employed to cope with this increased demand. Other engineering disciplines have addressed
this problem by building a body of engineering knowledge in the form of product models and
using them systematically. The desired state is for software engineering to become an engi-
neering discipline that engineers and reengineers systems effectively and efficiently by:

"* The use of system models

"* Codification and maintenance of engineering information and experience

"* Automation through computer-based support

We refer to this practice as model-based software engineering (MBSE). Figure 3-13 illustrates
the vision of an MBSE practice.

Models represent views of systems, capturing relevant aspects from a particular perspective.
Examples of models include domain and architectural models as well as timing and perfor-
mance models. As models become more formal, the approaches become more analytical and
quantitative. Application engineering based on models leads to reuse of existing artifacts.

Engineering knowledge concerning a system under development has two components. The
first focuses on capture, representation, and access to system understanding through engi-
neering information recorded in a system design record. The second component focuses on
engineering experience by capturing, representing, and offering expertise in the form of ratio-
nale, tradeoffs, and design decisions. These experience modules complement the information
already encoded in the models. The increased amount of available engineering information
may result in information overload, making it critical to provide intelligent access.
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Computer-based support can provide automated support for the MBSE practice in a number
of ways:

Software engineering environments (SEEs) that provide team support and
support for software process execution. SEEs are large systems that need to
be engineered and whose proper adoption is critical to improvements in
efficiency.

* Application generation from high-level description.

* Intelligent software engineering assistance through active electronic
handbooks.

Software Engineering Technology Base

Underlying Development
Model Base and Application

of Models
Domain analysis Requirements

Domain models Generic designs Reuse

Application generation Domain-specific architectures C

Architectural Open systems
principles Evolutionary development U

Codification and CASE
Access of
Engineering
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Multimedia
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Portability

Automation via Interoperability e
Engineering Software Flexibil
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Figure 3-13: Model-Based Software Engineering Practice
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MBSE is a strategic technology approach to improve the engineering of software systems. It
can address a number of engineering problems that are reflected in and are the root of cus-
tomer interests. Engineering problems are expressed in terms of a number of "-ilities," as
shown in Figure 3-13. Each of the engineering problems can be addressed through a mapping
of the problem to the elements of the MBSE technology strategy. This mapping consists of a
technical solution strategy as represented by MBSE and real-time distributed systems tech-
nologies, as well as risk analysis, engineering process, product and process measures, and
improvement programs. Current customer interests include requirements engineering, reuse,
reengineering, open systems, evolutionary development, and computer-aided software engi-
neering (CASE).

3.4.1 Five-Year Plan

3.4.1.1 Goals

The mission of the methods and tools focus area is to provide technical leadership in improv-
ing the effectiveness and efficiency in engineering and reengineering of software-intensive
systems through increased systematic application of models supported by methods and tools.
The goal is for defense and civilian contractors and agencies to improve their ability to engi-
neer and reengineer software-intensive systems through an MBSE technology solution strat-
egy. The SEI will be instrumental in making this happen in critical application domains such as
command and control, simulation and modeling systems, embedded systems, information
systems, and manufacturing. This translates into the need for a technology base and engi-
neering approaches for applying it to customer engineering problems.

Success will be measured by the improvements defense and civilian contractors and agencies
experience in engineering and reengineering software-intensive systems through an MBSE
technology solution strategy.

For example, by 1999 the model base should consist of domain and architectural models as
well as domain-specific architectures that have been deployed across several application ar-
eas, including flight simulation, movement control, and command and control. It is expected
that the software engineering community will routinely use these models in engineering and
reengineering application systems. It is also expected that industry will have ongoing efforts
to evolve the model base (reuse thrust) and that the models will increase in quantitative and
analytical character.

64 CMU/SEI-93-SR-19



Draft SEI Program Plans: 1994-199 Chmapter 3 Tochna Focus Areas
Metiods and Tools

Fiv-Year Plan
Strawgy

Also, by 1999 a series of experience modules regarding critical aspects of software engineer-
ing should exist and be used routinely by practitioners. These experience modules will codify
engineering knowledge (rationale and tradeoffs) to complement the information encoded in
models. The modules as well as engineering information representing system understanding
regarding specific application systems should be accessible in an intelligent, interactive multi-
media (12 M2 ) environment to compensate for potential information overload.

Also, by 1999 flexible SEEs that support specific (model-based) software engineering practic-
es should be routinely engineered and adapted by commercial systems houses to meet the
needs of customers. This will require increased community consensus and standardization to
improve more flexible SEE composition from different component suppliers. It is also expected
that those who develop software-intensive systems will more systematically adopt CASE tech-
nology, resulting in increased effective use by software engineers. This is expected to improve
efficiency. The SEI should be receiving consistently favorable reports from TO&P customers
involved in activities leading to this model base and supporting SEEs. Interest in MBSE tech-
nology as expressed by attendance at the annual SEI Software Engineering Techniques
Workshop and requests for the guides and other products developed in support of MBSE will
serve as interim measures of success until the vision outlined above can be realized.

3.4.1.2 Strategy
The technical strategy is to evolve to a MBSE practice by building on efforts to focus, syner-
gize, and leverage ongoing work in the methods and tools focus area. We will evolve and re-
fine a conceptual framework for MBSE that incrementally integrates and fuses the three
thrusts of the model base and its application, engineering knowledge codification, and engi-
neering and adoption of SEEs into a cohesive and consistent improved software engineering
practice. Figure 3-14 indicates how the thrusts build on each other's results.
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Figure 3-14: Coordinated MBSE Thrusts

The need for the SEI to take a leadership role and leverage its limited resources characterizes
the strategy. We develop conceptual frameworks that become analytical tools for assessment
of best practice and analysis of technology trends. The results and insights provide the foun-
dation for practitioners, managers, and educators in the form of strategic guides to best soft-
ware engineering practice, and to technology investors in the form of technology investment
strategies to improve best practice. We leverage our limited resources by:

* Drawing from the experience of expert practitioners through case studies.

* Validating improvements in best practice through pilot projects with strategic
partners.

* Advancing insights into improving best practice with resident affiliates on staff
at the SEI and through cooperative projects with non-resident affiliates.

* Influencing the community through technical leadership in defense and
civilian forums to build consensus in a technology area.

* Using these established forums and strategic partners as transition
channels.

66 CMU/SEI-93-SR- 19



Draft SEI Program Plans: 1994-1998 Chapter 3 Technicai FocusAms
Melod an& Tools

Five-Yew, Plan
Stratgy

Efforts in this focus area depend on core resources as well as TO&P funding of up to 50 per-
cent of the budget to successfully accomplish the outlined plans. TO&P funds that primarily
have the character of technology development, case studies, and pilot application enable us
to accomplish our goals.

Development and Application of Models

Evolution of the model base builds on work in domain modeling, software architecture design
principles, and composition of systems via the application of structural models. It is expanded
through population with models and refinement of the set of modeling concepts. Models in this
context are views of application systems to be built. In its leadership role, the SEI provides a
MBSE framework as the conceptual glue for relating modeling concepts and models. This
framework accommodates assimilation of promising methods from the community and their
integration into a cohesive MBSE process. Figure 3-15 illustrates such a software engineering
process. The conceptual framework is extensible along two dimensions: addition of models,
and introduction of new modeling concepts. Techniques for building product models allow oth-
ers to populate the model base. The range of modeling concepts will be refined over time to
incorporate quality attributes through cooperation with the SEI real-time distributed systems
activities, the research community, and experience of expert software engineers. Fostering
the application of models and domain-specific architectures across application areas will lead
to better understanding of the leverage gained from a model base. The MBSE process is
evolved to span the engineering life cycle; to incorporate system composition and integration,
and evolutionary and incremental development. In this thrust resident affiliates and visiting sci-
entists are important contributors. Collaboration with sponsors includes:

" Pilot work in the domain of movement control with the Communications-
Electronics Command (CECOM)

" Exploration of reuse and domain analysis issues with the National Institute of
Standards and Technology (NIST)

" Work on simulation through strategic partnerships with the Joint Modeling
and Simulation System (J-MASS) and Navy programs

" Work on evolving the model base with industrial partners and with
government programs such as Strategic Defense Initiative Office (SDIO) /
Ballistic Missile Defense (BMD), Software Technology for Adaptable,
Reliable Systems (STARS), Domain-Specific Software Architecture (DSSA),
Central Archive for Reusable Defense Software (CARDS), and PRISM
(Portable Reusable Integrated Software Modules).

CMU/SEI-93-SR-19 67



Casr 3 Teehnlml Focus Amum Draft SEI Program Plans: 1994-1906
Metods and Tools
Five.Yest Plan
Stralsg

Codification and Access of Engineering Information

Codified engineering knowledge complements system information captured in models through
codification of rationale, expertise, and other associated information. The strategy in this thrust
is to investigate techniques and tools to improve the software engineer's ability to capture, rep-
resent, and access reusable software engineering information, knowledge, and models. The
initial focus is on the improvement of requirements capture and analysis, expanding into infor-
mation required in a design record to evolve and maintain system understanding. At the same
time, through fusion and application of several multimedia technologies, the practicality of in-
telligent computer-assisted access and learning to engineering information and knowledge is
being demonstrated. In the long run, codified engineering knowledge will grow into an MBSE
handbook, while the multimedia-based intelligent access and learning technology will merge
with process-centered SEEs supporting execution of software processes (see below). The SEI
has undertaken the following activities in support of the gathering and representation of engi-
neering information:

"* Joint projects with industry partners such as Texas Instruments (TI) for the
gathering of engineering knowledge.

"* Membership in the CMU/WQED Communications Multimedia Consortium,
which has WQED Communications, the CMU School of Computer Science,
and Intel among its members.

"* TO&P arrangements with the Naval Supply Systems Command (NAVSUP)
in the manufacturing arena dealing with legacy engineering information.

" Leadership roles in relevant public forums, such as chairing an international
workshop and conference dealing with multimedia and being a member of
the Institute of Electrical and Electronic Engineers (IEEE) Task Force on
Multimedia Computing.

68 CML/SEI-93-SR-19



Dr'aft SEO Progrwrn Plans: 19946-1998 Campkr 3 Teehnhd Pimns
Metiod and Tocia

Frye-Yeaw Plan

c L

HI I

C

CC

00

Figure 3-15: MBSE Process
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Automation via Software Engineering Environments

In pursuit of the effective use of SEEs, the SEI is building on existing work in configuration
management (CM) systems, environment architectures and integration, and CASE technology
adoption. Together with the SEE community, we are evolving a conceptual framework for en-
gineering SEEs that accommodates integration of rapidly evolving environment and tools
technologies. Analysis of these technology trends will result in technology roadmaps. The re-
sult of this community work will be increased standardization in SEE interfaces and a system-
atic (engineering) approach to the provision of SEEs from commercial CASE components.
Commercial system integration houses will establish business units offering SEE integration.
Figure 3-16 shows a high-level roadmap of environment technologies representing both tech-
nology push and market pull. The roadmap illustrates that these two threads are on the verge
of merging through a federated CASE architecture approach.

Our investigations into CASE in the context of the CMM and the emergence of computer-
based process execution support will lead to the engineering of process-centered SEEs that
are adaptable and flexible. In the long term, process-centered SEEs and intelligent engineer-
ing information access and learning technology may merge to provide intelligent SEEs for
MBSE. The SEI has undertaken the following activities in support of this thrust area:

"* Numerous TO&P arrangements that contribute to maintaining core
competency, influence the SEE community (both CASE and SEE provider
and user), and provide strategic advice. These include integrated CASE (I-
CASE), SDIO, National Security Agency (NSA), STARS, DDI, and Next
Generation Computer Resource (NGCR).

" Cooperation with industry partners such as International Business Machines
(IBM) and Hughes, and collaborators such as Hewlett Packard, Paramax,
and Digital Equipment Corporation.

" Assignment of resident affiliates to SEE work who both advance thrust area
insights while they are at the SEI; and champion SEI strategic advice and act
as transition agents back at their home organizations.

" Technical leadership positions in a number of forums including the North
American Portable Common Tool Environment (PCTE) Initiative (NAPI),
NGCR Project Support Environments Standards Working Group (PSESWG),
NIST integrated Software Engineering Environment (ISEE), and the IEEE
Technical Committee on CASE Adoption (P1348).

" Tracking related efforts, such as the American National Standards Institute
(ANSI) Technical Committee (TC) X3H6 and X3H4, and CASE
Communique.
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Figure 3-16: Tool Integration Technology Streams

Reengineering

The initial focus on MBSE has been in application engineering through domain and architec-
tural models with a reuse perspective, capture of engineering information in the form of re-
quirements elicitation, and CASE adoption and assessment of environment integration
technologies. Insights gained from the reuse focus have had an impact on Army reuse policy
making. The original SEI work in Advanced Learning Technologies (ALT) and exploratory use
of emerging commercial multimedia technology in software engineering provide the founda-
tion for multimedia-based engineering knowledge codification. The thrust in SEEs has and will
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continue to support the I-CASE acquisition by providing strategic insights and advice regard-
ing best practice in SEE technology and in CASE adoption. Open systems issues play a strong
role in advancing the state of CASE integration, where the SEI has leadership roles in stan-
dardization forums such as NIST, ISEE, and NGCR PSESWG.

The SEI will be demonstrating responsiveness to changing external views by responding to
customer interests, while maintaining a focus on an MBSE technology solution strategy. We
will respond to customer interest by increasing emphasis on reengineering. A common view
of reengineering is show in Figure 3-17. Reengineering is viewed as a software engineering
problem that can be addressed through a systematic problem solving approach. Figure 3-18
illustrates this view of reengineering. We expect to address it with contributions from MBSE in
the form of the three thrusts in this focus area as well as technology results from real-time dis-
tributed systems (rate monotonic analysis (RMA), reliability and performance models), risk
(risk analysis of reengineering alternatives); and process (reengineering process, reengineer-
ing economics supported by process and product measures). This involves cooperation with
defense and civilien entities including the Joint Logistics Commanders Joint Policy Coordinat-
ing Group on Computer Management addressing reengineering policy making, and STARS
demonstration projects piloting the application of advanced technology such as domain-
specific architectures in reengineering existing systems.

Forward Engineering

ForwardForward
e Requirements Forar Design Implerneftation
n

Design Design

e Restructuring Restructuring Redocument
Restructrng

r (Reengineering (Reengineering

n
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Figure 3-17: Common View of Reengineering
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Figure 3-18: System Understanding

Summary

This strategic focus on model-based software engineering practice has evolved from prior SEI
work in methods and tools, summarized in Figure 3-19. The following section will outline cur-
rent and future potential products that are grounded in this prior work in the area. The roadmap
for these products (Figure 3-20) can be viewed as an extension into the future of the founda-
tion activities outlined in Figure 3-19.
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3.4.1.3 Potential Products
Methods and tools efforts lead to improvements in best engineering and reengineering prac-
tice and contribute to the codification of software engineering in the form of MBSE. This is a
long-term activity. Intermediate technology results take the form most appropriate for the state
of their maturity and targeted audience at the time.

Development and Application of Models

Taliorable Model-Based Software Engineering Course Collection (20 1994). This course
collection builds on a 1993 product. Its purpose is to have a course package that can be tai-
lored on short notice to specific customer interest in MBSE-related issues such as reuse, do-
main analysis, domain-specific architectures, and application engineering. A second
dimension of tailoring is for managers, practitioners, and educators.

Guide to Best Model-Based Software Engineering Practice: Edition 1 (1995). This guide
discusses engineering activities based on the application of engineering models spanning the
life cycle, including requirements engineering, reengineering, and open systems. The guide
will provide managers and practitioners with advice on selecting and effectively applying meth-
ods and models for a range of application domains and system implementations.

Guide to Best Model-Based Software Engineering Practice: Edition 2 (1998). This docu-
ment will draw together the three thrusts of work in this focus area. It will reflect advances in
application engineering based on models since Edition 1, and complement it with insights on
best practice in SEE adoption, and intelligent engineering knowledge codification and deploy-
ment. It will have the character of an MBSE handbook. This product will provide managers with
strategic advice on the suitability and expected benefits of MBSE, practitioners with guidance
on its application, and educators with a reference document reflecting the state of MBSE and
its support through environments.

Codification and Access of Engineering Information

Advanced Multimedia Organizer for Requirements Elicitation (AMORE) (40 1994). Re-
quirements elicitation expertise will have been captured in cooperation with TI. The informa-
tion will be available in intelligent multimedia form as well as in traditional training media (e.g.,
video). The multimedia technology-based prototype will demonstrate the feasibility of provid-
ing intelligent access to engineering information and knowledge in an interactive manner on
media such as compact disk read-only memory.
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Guide to Best Practice in System Understanding: Edition 1 (1996). This guide discusses
system understanding from the perspective of software architectures, and techniques for cap-
turing system information, including information abstraction technologies and automated sys-
tem design records. This guide will provide managers and practitioners with strategic advice
on advances in this software engineering technology area.

Intelligent SEEs (1998). The large amount of highly interrelated information required and
generated in the engineering of large software systems and the complexity of today's SEEs
overwhelm both users and existing technology. Progress in multimedia technology and multi-
ple visualization models will offer a potential solution to this difficult problem. The purpose of
this product will be to raise the awareness of managers, practitioners, and future technology
producers to the potential benefits of an intelligent (MBSE) handbook concept integrated with
SEEs.

Automation via Software Engineering Environments

Guide to Best Practice in SEEs: Edition 1 (1Q 1994). This guide will address managers and
practitioners who will need an understanding of the best practice to effectively integrate tools
into SEEs and to use SEEs to support the engineering process. The guide will provide a high-
level roadmap of the major issues, together with pointers to additional resources. It will estab-
lish realistic expectations for users of CASE tools, and provide practical strategies for acquir-
ing and integrating CASE tools and SEEs. It will consist of three components:

1. A strategy for the adoption of commercial CM systems; (in the form of a
course, supplemented by a tape).

2. A framework and strategy to environment integration (course and
environment integration book).

3. A strategy and approach to CASE adoption in relation to the CMM (document
and tutorial).

Roadmap for Environment Technology (1995). Both managers and practitioners will re-
quire a conceptual framework for understanding and relating existing and future environment
technology. The technology roadmap will provide a taxonomy of existing approaches, together
with detailed descriptions of particular exemplars of each taxonomic category. Hence, the tax-
onomy will help fulfill an organization's near-term environment selection needs, and provide a
framework for understanding future technology products.

Guide to Best Practice in SEEs: Edition 2 (1997). This guide will address managers and
practitioners, who will need an understanding of the best practice to create and use effective
process-centered SEEs, i.e., SEEs that understand and enact software processes. The guide
will provide a high-level roadmap of the major issues, together with pointers to additional re-
sources.
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Reengineering

Annual SEI Software Engineering Techniques Workshop: Reengineering (3Q 1994).
This workshop is targeted to software engineering managers and practitioners. Each year it
will focus on a particular topic that is of high interest to the customer community. The purpose
of the workshop is to provide two-way communication between experts in the community and
the SEI to identify a baseline of best practice on the selected subject. Previous workshops
have been held on CASE adoption, CASE integration, requirements engineering, and reuse.
The theme of the 1994 workshop will be reengineering.

Guide to Best Reengineering Practice: Edition 1 (1995). This document will provide advice
on reengineering, including strategic approaches, state of the practice, decision support, risk
assessment, method and tool adoption, and approaches based on domain models and
domain-specific architectures.

Figure 3-20 shows the five-year technical product roadmap for the methods and tools focus
area.
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3.4.2 One-Year Plan

3.4.2.1 Context
During 1994 we will maintain focus on MBSE as outlined in the 1993 1 &5 Plan. The current
plan takes into account the execution of the 1993 1 &5 Plan at 30 percent below the core funds
indicated in the original plan. We will build on products and technical results from 1993. These
include integration of domain analysis and structural modeling as a basis for demonstrating
the feasibility of MBSE, insights into the state of CASE integration and adoption, and founda-
tional work in multimedia engineering information modeling work as applied to requirements
elicitation. The MBSE conceptual framework is the foundation for MBSE guides. 1994 will
demonstrate our ability to maintain the stability of the technical strategy and direction, while
being responsive to changing external views by responding to customer interest in reengineer-
ing.

To sustain critical mass and current staffing levels, we are complementing core with close to
the same amount of TO&P funding. In 1993 we doubled the number of TO&P sponsors for that
reason. Vie have been fortunate that in many cases the sponsors have accepted our technical
strategy and are willing to contribute funds to our portfolio of technical work. The portfolio in-
cludes exploratory work, pilot projects, product development, and a limited amount of product
delivery and consulting. This allows sponsors to benefit from the investments of their funds,
and to complement those of other sponsors as well as the core funds. As a result, core deliv-
erables are dependent on TO&P work, and the accomplishment of TO&P is dependent on core
activities. In 1994 we expect to increase external sponsorship.

3.4.2.2 Core Funded Activities

Development and Application of Models

Core funds go toward a tailorable MBSE course collection, and the evolution and refinement
of the MBSE conceptual framework, which is an essential component of the guide to best
MBSE practice in 1995. The work on the MBSE conceptual framework includes an elaboration
and documentation of an engineering process based on MBSE, investigations into domain
and architectural taxonomies, and into characterization of desirable and undesirable system
properties. Research efforts in this thrust are represented by the investigations into taxono-
mies and system properties. These investigations are also essential to a long-term involve-
ment in reengineering strategies.
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Codification and Access of Engineering Information

The initial focus is on demonstration of multimedia-based intelligent support for requirements
elicitation. Core funds will be invested in the synthesis and application of multimedia technol-
ogies to demonstrate the practicality of multimedia-based intelligent software engineering sup-
port. We are cooperating with several other groups at CMU (School of Computer Science
(SCS), Information Techr~ology Center (ITC), and the EDRC) as well as a multimedia consor-
tium between CMU, public broadcasting member WQED Communications Inc. in Pittsburgh,
and Intel. This technology work is essential for the collaboration with TI on the AMORE. This
technology is also the basis for a joint investigation with the real-time systems focus area on
an interactive developer's handbook. These efforts incrementally build toward a large, multi-
media software engineering knowledge base, leveraging the work on the MBSE conceptual
framework.

The same underlying technology is of importance in the manufacturing arena in addressing its
legacy engineering document problem. Through a combination of seed core and TO&P fund-
ing we are investigating the practicality of this technology in this context.

We are also investing in technical leadership roles in public forums such as international work-
shops and conferences sponsored by IEEE as well as the IEEE TC on multimedia technology.
This allows us to leverage existing infrastructures to track and influence the advancement of
the state of best practice in this technology area.

Software Engineering Environments

The focus for 1994 is on capturing and advancing the state of an engineering approach to
CASE integration, and on assessing the next emerging commercial technologies in the form
of computer-based process execution support.

Our assessment of best practice in SEEs is based on a conceptual framework for this technol-
ogy area and consists of three parts addressing CASE integration, CASE adoption, and adop-
tion of CM systems. In particular, we are investing in the publication of a book on the state of
CASE integration to complement the potential product outlined in the 1993 plans.

Core funds are invested in advancing the state of environment integration. These include ex-
periments in integrating different technologies (e.g., PCTE, A Tools Integration Standard
(ATIS), Hewlett Packard Softbench, Sun Tooltalk, COBRA, ESF Kemel/2r) in a federated en-
vironment architecture, and technical leadership roles in public forums to foster technical con-
sensus-building in SEE interface standardization. We are fortunate to have a complement of
TO&P funds for these activities (see below). Core funded activities include participation in and
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tracking of forums such as CASE Communique, ANSI TC X3H6 and X3H4. IEEE has char-
tered a TC on CASE adoption (P1348) with intentions to feed the results into ISO. Our CASE

adoption work is the starting point for this TC, and we continue to provide technical leadership

as technical editor.

The research component in this thrust focuses on the development of a conceptual framework

for assessing emerging commercial technologies in support of computer-based process exe-

cution. Such technologies have their roots in process-centered environments (first generation
integrated project support environments (IPSEs), STARS, Arcadia, ESPRIT, Eureka Software

Factory (ESF), International Software Process Workshop series), in cooperative work and

concurrent engineering support, in workflow and office automation, and in intelligent tutoring

systems. This framework will be the foundation for technology and product development work

in the out-years.

Reengineering

In response to ARPA guidance, the SEI proposes to provide a leadership role in defining and
advancing best reengineering practice, taking advantage of current SEI activities in software

engineering technologies, and related ARPA activities such as DSSA, STARS, the Virginia
Center of Excellence, as well as Air Force activities such as CARDS, the Software Technology

Support Center (STSC), and the Joint Logistics Commanders Joint Policy Coordinating Group

on Computer Management addressing reengineering policy making.

The SEI proposes the following key activities to support the DoD reengineering of large soft-
ware-intensive legacy systems:

"Develop a conceptual framework for reengineering. The conceptual
framework supports identification and assessment of the maturity of software
engineering technologies in support of reengineering. The technology results
of this activity lead to products such as a guide to best reengineering
practice, a reengineering technology roadmap, and a reengineering
improvement strategy that leverages reuse and domain-specific
architectures initiatives.

" Conduct an assessment of the state of the practice in reengineering. This
product development activity involves community participation. It will benefit
from the Annual SEI Software Engineering Techniques Workshop. The
results will be incorporated into the guide to best reengineering practice and
will serve as a baseline for improving reengineering practice.
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"* Accelerate the evolution of a taxonomy of domains and architectures and its
reduction into reengirteering practice. This research activity is essential to
MBSE. Such a taxonomy is considered essential for successful evolution of
a software technology base, and for effective identification and promotion of
dual use software technology. Domain models and domain-specific
architectures allow for more effective reengineering beyond code level
program transformation.

" Identify and analyze desirable and undesirable system properties, their root
causes, and their effects. These include properties of legacy systems as well
as future systems. A catalog of such system properties is the basis for a
systematic (engineering) approach to effective system understanding of
legacy systems and their evolution strategies. An understanding of these
properties is an essential ingredient of a systematic analysis of legacy
systems for reengineering purposes. This activity has a product development
component (codify known properties) and a research component (taxonomy
of properties).

"* Accelerate the evolution of the design record concept toward practical use.
This research activity complements the work already outlined in multimedia
engineering knowledge organization and is a critical element of maintaining
system understanding. The design record concept provides a focus for
capture, representation, and visualization of system information and
knowledge. The SEI can become a critical link between innovative
technology research as directly sponsored by ARPA, and its reduction into
state-of-the-practice technology. The results of this task directly contribute to
the evolution of a codified body of knowledge in software engineering, an
essential element of a discipline.

The latter three items are research activities that continue beyond 1994. The proposed activ-
ities will not only accelerate advancement of reengineering practice, but also contribute to the
improvement of software engineering based on models and architectures.

3.4.2.3 TO&P Funded Activities

Development and Application of Models

The methods and tools focus is continuing several external working relationships in which
MBSE technology is being deployed. Activities include work in movement co,.utrol with the
Army Software Development Center, the tri-service construction of a radar to operationally
simulate signals believed to originate within the Soviet Union (CROSSBOW-S) organization
on the Joint Modeling and Simulation Systems (J-MASS), the BMD effort of SDIO, NIST work
in reuse, and the Navy training effort. In these activities we provide a combination of technical
leadership in MBSE based on domain models and architectures, training and education, and
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strategic advice as input to reuse-oriented policies. Though having primarily focused on the
reuse perspective of MBSE, several of these activities also have a reengineering character.
Thus, these and other reengineering-specific TO&P activities will allow a quick start in reengi-
neering issues.

Codification and Access of Engineering Information

In cooperation with TI we are capturing requirements elicitation expertise. This expertise will
be made available in traditional training media (video). It is also the content material to dem-
onstrate the practicality of intelligent access to engineering information and knowledge
through multimedia-based technology.

The same underlying technology is of importance in the manufacturing arena in addressing its
legacy engineering document problem. Through a combination of core and TO&P funding
(NAVSUP, National Center for Excellence in Metalworking Technology), we are investigating
the state of commercial information abstraction technologies from images for practical appli-
cation in this context. Investment of core funds into the system design record concept has fur-
ther potential for application in the manufacturing context.

Automation via Software Engineering Environments

We have TO&P sponsor interest in the publication of a CASE yearbook. We are investigating
the possibility of STSC becoming the continuing publisher of such a yearbook.

Our continuing hands-on experimentation and analysis of CASE integration technology has
strong TO&P sponsor support (including NSA, SDIO, I-CASE, DDI, STSC, STARS) as well as
industry interest (IBM, Hughes). The insights gained provide the basis for CASE technology
strategies. In particular, we are investigating the integration of multiple technologies into a fed-
erated environment architecture and the maturity of SEE interfaces for standardization in prac-
tice. Environment technologies include PCTE, ATIS, Hewlett Packard Softbench, Sun
Tooltalk, COBRA, ESF Kemel/2r, and various advanced CASE products.

We have been involved in the I-CASE acquisition since 1991. We have performed a lessons
learned study of previous government efforts in environments and held a workshop with I-
CASE people to discuss successes and pitfalls. We have participated in the review of the re-
quest for proposal draft and provided training to the proposal evaluation team. We continue to
provide strategic advice and insights both into environment technology trends and advances,
and into CASE adoption-a critical element for the successful completion of the I-CASE effort.
Regarding CASE adoption, the STARS demonstration projects offer an excellent case study
in adoption of advanced SEEs into practice.
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We continue to invest in technical leadership roles in public forums to maintain momentum in

community consensus-building regarding standardization in relevant SEE interface areas. We

have support from several TO&P sponsors for this activity. We are instrumental in resurrecting

the NIST ISEE effort, which has produced the NIST European Computer Manufacturer's As-

sociation reference model for environment frameworks. We are developing partnerships with

several government and industrial parties to maintain the transition infrastructure that exists

as part of the NGCR PSESWG effort, but is in jeopardy for funding reasons. Both the NIST

and PSESWG forums have attracted strong technical players from government and industry

and are an ideal arena in which to provide technical leadership. We are providing technical

leadership in the North American PCTE Initiative under sponsorship of DDI. In addition to

these activities advancing the state of best SEE practice, we provide strategic advice, training,

and consulting to our sponsors.

Reengineering

It is anticipated that we will have TO&P sponsorship for some of the reengineering-specific ac-

tivities. These will complement the ongoing working relationships in model-based software en-

gineering outlined above.
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3.5 Real-Time Distributed Systems

Through its focus on real-time distributed systems, the SEI maintains its core competency in
methods and tools for disciplined engineering of software for defense and civilian applications.

The civilian applications of interest to this focus area directly affect the nation's competitive-
ness and economy in addition to supporting defense needs. Because of their importance, dur-
ing 1993 we broadened our attention from solely defense to include dual-use applications of
real-time distributed systems technology. Examples of civilian applications include:

"* Agile manufacturing facilities that are able to reconfigure plant operations
quickly to meet changing requirements and to permit online maintenance and
upgrade.

"* Radars and other sensors for monitoring the development of weather
patterns, seismic data, the status of power distribution grids, and the
distribution of pollutants.

s Satellites, fiber-optic networks, and high-speed switches to transmit large
volumes of live audio, video, sensor, and text data.

"* Mass transport vehicles, airplanes and ships, oil drilling and refineries, and
power generation plants.

"* Patient monitoring, heart-lung machines, CAT scanners, magnetic
resonance imaging, and other medical equipment.

The civilian applications are not restricted to public or commercial applications. Examples of
government "civilian" applications include:

* Federal Aviation Administration (FAA) Advanced Automation System (AAS)
* National Aeronautics and Space Administration (NASA) Space Station

Freedom (SSF)
o NOAA satellite networks

Numerous embedded systems for defense (surveillance systems; weapon systems; training
simulators; command, control, communications, and intelligence systems, etc.) have similar
requirements:

"* The applications have long life cycles (decades rather than years) and
require evolutionary upgrades.

"* The applications assign paramount importance to quality attributes such as
timeliness, reliability, safety, interoperability, etc.

* The applications require continuous or nearly non-stop operation.
* The applications require interaction with hardware devices.
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Although business applications like a nationwide network of automatic teller machines evolve
over years and provide secure services 24 hours a day, these requirements are soft: a failure
(i.e., departure from specified behavior) does not have the catastrophic consequences of a
chemical spill or a reactor meltdown.

Dual-use software technologies are critical components of our nation's infrastructure. Defense
and civilian applications require continuous and widespread evolution: requirements change
because the mission or the market changes; components (software and hardware) must be
replaced when requirements change; systems are reengineered when components or require-
ments change; and finally, components and systems change when new technology is adopted
to increase productivity and remain competitive. In other words, in these applications reengi-
neering is the rule, not the exception.

The current state of the practice is unsatisfactory because systems and components use
mostly proprietary technology and because designers lack quantitative methods for design.
Use of non-standard, proprietary technology makes reengineering time-consuming and ex-
pensive. In particular, the system integration phase often requires shutting down the plant and
deploying the equivalent of SWAT teams to conduct massive debugging sessions). The end
result is that users upgrade (i.e., reengineer) their systems infrequently and lose efficiency,
quality, and competitiveness.

Anecdotal evidence gathered from interviews with developers and users of process control
systems suggests a number of things that end users are unable to do today. They want to:

"* Concentrate on selective software customization (using proprietary
knowledge) of standard components built and integrated by others.

"• Shop around for components and integrators to get better prices and
services; users wish to achieve the state of the management information
systems (MIS) community and their access to interoperable packages,
servers, office equipment, etc.

"* Upgrade by "roll-in/roll-out" of components to avoid down time, which is
expensive or not available; the state of the MIS community is again seen as
the desired state with its "plug-compatible" databases, word processors,
peripherals, etc.

Achieving this state is important both in civilian and defense contexts. As indicated in Section
2.1.5, use of products and standards emanating from the civilian world offers an attractive way
for the DoD to acquire and evolve systems of high quality at minimum cost and risk. DoD sys-
tem acquisition procedures may change to allow more frequent use of commercial off-the-shelf
(COTS) products. In using COTS, industry standards will become even more important to the
DoD. Hence, the SEI must focus on the capability to design systems and their architectures
using these standards.
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Achieving the desired state will not be easy because of the built-in legacy of proprietary sys-
tems and components. Industry does not have ready access to COTS components that are
interoperable and interchangeable while ensuring quality attributes such as timeliness, reliabil-
ity, and safety.

Indeed, building interoperable and interchangeable components is not enough. Industry lacks
widely accepted methods (e.g., integration guidebooks, models, theories) to quantitatively an-
alyze, predict, or ensure system quality attributes prior to integration. Developers must under-
stand how the various components of the system interact and what resources are needed to
implement alternative designs. Figure 3-21 suggests this mapping of tasks onto computing
and communication resources and the resulting task and message schedules.

Devices and Operators

_ _ _ _ _ [TssLnks

Application requirements Developer Systen resources

esource allocation

Task schedules L t

Message schedules nn of r-1 It-N

Figure 3-21: Mapping of Tasks to Resources
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To make informed design decisions, developers must quantify this understanding of compo-
nents, interactions, resources, and alternative designs. Unfortunately, the software community
lacks quantitative methods for the design of these demanding applications, and designers do
not have tools to evaluate designs, upgrades, and tradeoffs. Cost and schedule overruns are
common because serious problems are often not discovered until the system integration
phase. 1

3.5.1 Five-Year Plan

3.5.1.1 Goals

The SEI is in a unique position to address civilian as well as DoD application needs because
of its mission and experience in the maturation and transition of dual-use technologies devel-
oped for defense needs that can apply to the civil sector: CMM, risk assessment, software ar-
chitecture models, reuse, RMA, CASE, etc. Within the real-time distributed systems focus area
in particular, the long-term goal is that developers of civilian and defense systems will routinely
employ quantitative methods to evaluate software engineering designs, upgrades, and trade-
offs. Moreover, the software community will view the SEI as a source of advice and expertise
on the use of these methods.

Developers will use quantitative methods to design and construct software. These methods
could be based on a theory or on empirical results. That is, developers could rely on tabulated,
empirical results for which there is no well-understood theory. For example, before the theory
of thermodynamics was developed, builders of steam engines learned from experience that
some designs and materials could operate at certain limits of pressure, temperature, and hu-
midity. Keeping within the limits produced reliable engines. When the limits were exceeded,
engines exploded.

The handbook is one of the transition mechanisms used by the SEI (Section 4.1), and by 1999
the collection of accepted methods for evaluating and designing software systems will be cod-
ified in a collection of handbooks oriented to the needs of practitioners. The format or style of
the handbooks will evolve over time, as users gain experience with them and we adopt lessons
learned from our investigations into technology transition (Section 4.1.1).

1- Horror stories are not uncommon. "On Monday, September 2, 1991, at 9 a.m., a $6 million manufacturing sup-
port systems/network integration program went live, the largest computer project the company had undertak-
en. By 10:30 a.m., 'The system had miserably failed,' reported the program manager of a chemical company.
'We had not anticipated needing so much memory, consequently, the system froze in less than two hours,
stopping all work at the site.'" [Enterprise, Digital Equipment Corp. Vol. 6, No. 4, April 1993]. The quickness of
the disaster suggests that the designers were flying blind, so to speak, throughout the development of the sys-
tem.
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The goals for 1999 are to:

"* Identify, assess, and mature promising dual-use technologies to analyze,
predict, or ensure quality attributes of a defense or civilian system.

"* Demonstrate and define the best practices using these technologies.
"* Develop handbooks for end users and integrators that identify best practices

to analyze, predict, or ensure quality attributes and offer roadmaps to adopt
these best practices.

* Contribute to the development of open standards for suppliers that support
the best practices and offer roadmaps to adopt these standards.

In pursuing these goals, we will develop a transition infrastructure that includes vendors, pro-
fessional organizations, educators, and researchers to assure appropriate and ongoing use of
these design concepts and quantitative methods. The 1999 goals are a refinement of the 1998
goals described in our previous plan. The 1999 goals reflect our expanded orientation to dual-
use technology for defense and civilian applications and a sharper focus on the quality at-
tributes of the systems.

The success of the SEI in the real-time distributed systems focus area can be measured by
the application of technology matured by the SEI within the systems produced for dual-use
systems. By 1999, there should be official standards in place in open systems and in high-
speed switching networks that reflect matured real-time technology. By 1999, all flight simula-
tors should include structural modeling technology, and science and technology maturity mod-
els should have achieved the same level of popularity as the CMM has currently. Also by 1999,
the impact on process control should be seen in the number of civilian and defense software
developing organizations that use SEI-matured technology. The number of contributors to and
users of SEI handbooks will provide a key indicator of success since the handbooks will act
as the repository of the state of the practice. The contribution by others to portions of the hand-
book will indicate the dual-use of that repository.

In the short term, success measures are grades on TO&P reports that measure SEI effective-
ness with its sponsors; the number of industry participants in joint work, which measures the
beginnings of our impact on defense and civilian sectors; and the popularity of science and
technology maturity models compared to the CMM at an equivalent stage of maturity.

3.5.1.2 Strategy

A strategic intent of the SEI is to help customers make lasting improvements to their overall
software engineering capabilities. By focusing on defense and civilian applications, we con-
centrate on the problem introduced by the lack of quantitative methods of design. The strategy
we will follow is to develop and deploy tools and techniques that address the following con-
cerns:
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" How to be more precise in stating performance, reliability, availability, safety,
security and other quality requirements of software components and
systems.

" How to model and predict component and system behavior before
development or modification.

"* How to configure and schedule hardware and software resources to meet
system quality requirements.

"* How to safely upgrade hardware and software components without shutting
down the entire system.

"* How to use open system standards effectively in defense and civilian
applications.

"* How to reengineer software for defense and civilian applications.

Current partners in this endeavor include multiple DoD organizations such as the NGCR; Of-
fice of Naval Research (ONR); Army Simulation, Training, and Instrumentation Command
(STRICOM); Air Force Training Simulator Office; Defense Modeling and Simulation Office
(DMSO); and the Ada Joint Program Office (AJPO). Additional partners include other govern-
ment organizations such as NASA Space Station Freedom, NASA Goddard Software Engi-
neering Laboratory, and the Nuclear Regulatory Commissioh (NRC); other federally funded
research and development centers (FFRDCs) such as MITRE and Lincoln Laboratories; in-
dustry partners such as IBM, Digital Equipment, TI, Raytheon, and Hewlett-Packard.

3.5.1.3 Potential Products
The technology projects supporting work in this focus area contribute to the maturation of de-
sign concepts and quantitative methods and the codification of these concepts and methods
in developer handbooks. This is a long-term activity. Intermediate results will take the form of
courses, awareness lectures, technical reports and articles, software and proof-of-concept
demonstrations. The primary objective of these intermediate "products" is to gather informa-
tion about best and current practices, to affect these practices, to increase community aware-
ness of these practices, and to test design concepts and quantitative methods of design before
they are included in the handbooks.

The current mix of potential products of this focus area can be classified into four groups: open
systems standards technology, dependable systems technology, structural modeling technol-
ogy, and technology awareness. Standards efforts represent an important type of SEI service
and a high-leverage activity for improving the state of the practice since they are community
efforts, developed and distributed by organizations such as IEEE, ANSI, and ISO.
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Open Systems Standards Technology

Open Systems Standard for Real-Time Communications (POSIX 1003.21) (20 1994,
1995). With funding of the Navy NGCR, the SEI participates in, and in some cases (POSIX
1003.21) leads, the development of open, dual-use standards that meet the requirements of
the mission-critical community. POSIX 1003.21 will be a standard suitable for the real-time dis-
tributed systems communication domain. Our efforts ensure that client needs are met while
contributing to the larger aims of the focus area. During 1994 drafts of POSIX 1003.21 will ap-
pear, and the final standard is expected to be approved in 1995. The development of stan-
dards is a time-consuming process. They often take years to reach official approval with
multiple intermediate drafts circulated for comments and voting by the technical community.
This is also the target date of the Open Systems Architecture Handbook.

Open Systems Architecture Handbook (1995). With cooperation of NGCR we plan to de-
velop a handbook for using open systems architectures in mission-critical systems. This hand-
book will be architecture-based and will highlight issues and approaches for solutions to the
major problems facing developers.

Open Systems Standard for High Performance Networks (TBD). During 1993 NGCR and
the ONR are planning to task the SEI to lead the establishment of a high performance network
standard that can be used in both Navy and civilian applications. This new standard will be an
extension to commercial standards and will complement the development of the software ar-
chitecture guideline. No target date for this standard has been established.

Dependable Systems Technology

Systems Fault Tolerance Handbook (30 1994). Fault-tolerant systems incorporate features
that recognize faulty behavior, contain the effects of faults, and recover from damage that may
have been caused by the faults. We seek to develop, refine, and disseminate a conceptual
framework for fault-tolerant computer systems. During 1994 we will develop a preliminary Sys-
tems Fault Tolerance Handbook.

Airborne Radar Study Reports (40 1994). We are conducting research on integrating the
theory of analytical redundancy with the theory of generalized rate monotonic analysis and re-
ducing them to a standardized quantitative method for real-time fault-tolerant computing (Fig-
ure 3-22). This technique, which we call the Reliable Application Kernel, is being used in a
proof-of-concept demonstration in cooperation with another FFRDC (MITRE) working for the
Airborne Warning and Control System (AWACS) Program. The results will be published as Air-
borne Radar Study Reports.
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Figure 3-22: Technologies for Dependable Systems

Structural Modeling Technology

Real-Time Simulators Guidebook (301994). With Air Fc :e funding (ASC/VT), during 1994
we plan to develop the second edition of the Real-Time Simulators Guidebook.

STRICOM Reports (40 1994). The structural modeling technology will be used in other do-
mains. With Army funding (STRICOM), planned future results in this area include reports on
Close Combat Tactical Trainer (CCTT) Specification, WARSIM 2000 model extensions, DIS
model repositories.

Core Architecture for Flight Simulators (1996). During 1993 the Air Force formed a systems

engineering team composed of Air Force, SEI, and Link engineers to develop a core architec-
ture based on structural modeling concepts. This architecture will serve as the basic structure
around which most fixed wing flight simulators that ASC/YT develops will be based. The archi-
tecture will be extended with specific capabilities required for various aircraft (F16, F15, F22,

etc.) to provide an extended core for the aircraft family. Customized extensions will be added
for variants within the same family (United States Air Force, foreign military sales, etc.). This
effort spans three years overall. After the core architecture is developed, the work will progress
to developing F16 core extensions and then extensions peculiar to a specific F16 simulator.
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Technology Awareness

Software Developer's Handbook (annual). During 1994 we will prototype the first edition of
the Software Developer's Handbook. The handbook will document the best accepted practic-
es in defense and civilian applications and collect these accepted practices in a single, conve-
nient repository. The handbook will provide a source of ready information to practitioners that
will assist them in their day-to-day work. The scope of the handbook will be limited to informa-
tion required to perform relevant tasks, based on an analysis of practitioners' needs. As a ref-
erence book, it should explain how to perform the identified tasks; it will not contain detailed
information concerning why tasks are performed in a certain manner. The handbook will de-
scribe:

"* What technology is available, i.e., the best practice.

"* What the technology can do for the user, i.e., the maturity of the technology.

"* When to use the technology.
"* What is expected of the user, i.e., organizational processes, training,

experience.

The handbook should be sufficient for a user to write a project plan: scheduling activities, se-
lecting techniques and tools, adopting a software development process, etc. It will describe
what technology is available for use. How to use the technology is the subject of separate tech-
nology-specific handbooks as illustrated in Figure 3-23.

Software
Developer's
Handbook

Rate Structural Fault Open
Monotonic Models Tolerance Systems Handbook
Analysis Handbook Handbook Handbook
Handbook

Figure 3-23: Organization of the Handbook Series
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To complement the handbook, additional products in this category include software technolo-

gy awareness lectures (e.g., the Systems Fault Tolerance Technology Exchanges started in
1993), an annual Software Developer's Forum, and technology- or domain-specific SEI guides
to best practices.

Figure 3-24 shows a five-year technical product roadmap for the focus area.

94 CMUL/SEI-93-SR-19



Draft SEI Program Plans: 1994-1.998 Chapter 3 Technical Focus Areas
Real-Time Distributed Sysema

Five-Year Plan
Potential Products

00 * 0

*M .

0 0

E a)C 6 C

E

C,
L)U r a nL - J() V

0O0

S> W

IM0-

E EC

4) 0 0 0 0

Fiur 3-4 FieYa Tehnca Prouc Rodapfr nhRelTm Ditrbue Sytm Fou Are

EM/E-9-R 19>



Chater 3 Teknlmoar Fna Are•s Draft SEI ProgramPbns: 1994- 190
P.I-Tkne DWubad Syawm
One.Yeaw PWn
Co-m

3.5.2 One-Year Plan

3.5.2.1 Context
Dependable Systems Technology Products. During 1993 we published a Fault Tolerance
Framework Report, a standard vocabulary for describing system dependability and safety-crit-
ical requirements, faults, hazards, fault phenomena, and system-level fault tolerance ap-
proaches. This framework is a preliminary step to the Fault Tolerance Handbook planned for
1994 and beyond. In the software engineering arena, a system is often equated with software,
or perhaps with the combination of computer hardware and software. Here, we use the term
system in its broader sense. As shown in Figure 3-25, a system is the entire set of compo-
nents, both computer related, and non-computer related, that provide a service to a user. For
instance, an automobile is a system composed of many hundreds of components, some of
which are likely to be computer subsystems running software. A system exists in an environ-
ment (e.g., a space probe in deep space), and has operators and users (possibly the same).
The system provides feedback to the operator and services to the user. Operators are shown
inside the system because operator procedures are usually a part of the system design, and
many system functions, including fault recovery, may involve operator action. Not shown in the
figure, but of equal importance, are the system's designers and maintainers.

Operator
f ebackerto Inputs

Environment

Computer-Based
Subsysem 44 Services

(to System)

Computer Subsyste; / f
System Interface System Services (to User)

Figure 3-25: System Relationships
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Structural Modeling Technology Products. During 1993, we published the first edition of
the Real-Time Simulators Guidebook, a report that describes a validated structural model for
real-time simulators including vehicle simulation, instructor/operator station, and environmen-
tal models. Figure 3-26 shows an example of a structural model. This figure demonstrates the
structural model used in the air vehicle portion of flight simulators. The figure shows the vari-
ous structural components and the data and control flow relationships among them. The ex-
ecutive portion is responsible for communication with the other portions of the simulator, the
management of time, and the assignment of control to the application portion of the simulator.
The application portion is composed of instances of subsystem controllers and components
that communicate with each other in a well-defined, constrained fashion. A portion of the pow-
er of the structural model comes from the uniformity introduced by constructing a system as
instances of a small number of structural types and by imposing discipline on the communica-
tion and control relationships. Structural modeling is evolving to incorporate emerging technol-
ogy and other domains, as illustrated by our report on distributed interactive simulation (DIS)
architectural modeling (1993).

Technology Awareness Products. During 1993 we completed the first edition of the Rate
Monotonic Analysis Handbook and it was published by Kluwer Academic Publishers. The
handbook has stimulated consultants and training organizations to include RMA within their
repertoire of skills and courses. During 1994 we will continue the maturation of RMA by inte-
grating it with analytic redundancy theory as a fault tolerance technique.

During 1993 as part of our research effort, we initiated a feasibility study on science and tech-
nology maturity models comparable to the CMM underpinning the process focus area. A sci-
ence and technology model could be a guide for improving the scientific and technological
foundations underlying software engineering. The focus of this model would be on stimulating
the maturation of science and technologies and on finding scientific technological gaps that
have direct impact on building various classes of software artifacts.

A science and technology maturity model would improve the knowledge base underlying our
understanding of properties of software artifacts. The model would characterize the state of
the art for specifying, analyzing, and optimizing properties of these artifacts. The analogy to
CMM should not be misinterpreted because "levels" suggest an ordering or prioritizing for ma-
turing technological know-how. Technology evolution does not always progress in an orderly
fashion. Maturation is an iterative process rather than a linear sequence of "maturity levels"
(Figure 3-27). During 1994 we will continue our research by starting to validate the models by
characterizing the state of the practice in defense and civilian applications.
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Figure 3-26: A Structural Model

During 1994 we will continue developing quantitative methods and tools in three technology
areas: open systems standards, dependable systems, and structural modeling. The potential
products resulting from these activities were described in the previous section.
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Figure 3-27: Science and Technology Maturity

3.5.2.2 Core Funded Activities

The bulk of core funding is dedicated to technology maturation and transition activities. The
technology areas include open systems, fault-tolerance, structural models, and benchmarking
that lead to potential products, as described earlier. In addition, as these potential products are
completed and delivered to the user community through various SEI transition mechanisms,
we identify and assess new targets for technology maturation through feasibility studies. Dur-
ing 1994 we will carry out several feasibility studies on emerging dual-use technologies for de-
fense and civilian applications. The selection of feasibility studies will depend on the allocation
of core funding.

Feasibility Study on Structural Modeling for Process Control Systems. The objective of
the project is to demonstrate and transition a technology developed for a defense application
into the civilian domain of process control. The state of the process control industry is similar
to that of flight simulators when structural modeling was first developed. The engineers are
predominantly domain experts with mechanical, chemical, or electrical engineering back-
grounds, and few have extensive training in computer science and software engineering prin-
ciples. The systems range from small to very large, with increasing scale and levels of
integration, internally as well as with corporate information resources. The systems are long
lived and subject to extensive modification. Existing systems are collections of disparate piec-
es with no systematic approach to architecture. The design is ad hoc, resulting in brittle sys-
tems that break easily under modification and are expensive to maintain and extend. Much
effort is expended integrating components that have different interface requirements and ex-
pectations about the environment they run in. Based on our experience with the development
of structural models for flight simulators, the architectural approaches we have developed
could be applied effectively to this new area. The problems of real-time resource allocation and

CMU/SEI-93-SR-19 99



Chapter 3 Technkcal Focus Areas Draft SEI Program Plans: 1994-1998
Re*a-Tirne Owiftted Systems
One-Year Plon
Core Funded Ac~tlies

management and scale are the same ones we have seen before. Process control is somewhat
simpler from a computational viewpoint in that most of the applications within the process con-
trol domains are not as complicated as a flight simulator. However, precision positioning ma-
chinery is quite challenging, and the pattern recognition used in inspection systems is
advanced. This activity maintains the SEI core competency in software technology transition.

Prototype Interactive Software Developer's Handbook. Technology advances will make
the Software Developer's Handbook a live document, requiring continuous updating. This will
require technology not only to update the information repository but also to organize it along a
"virtual table of contents," customizable by the users. The prototype will be developed in con-
junction with other SEI staff as an electronic multimedia handbook demonstration.

Feasibility Studies on Analysis of Quality Attributes. During 1994 we will conduct research
on current and emerging technologies for integrated system development. A major problem
with delivered systems is that they do not meet the user's needs because the designers have
been too narrowly focused on meeting some goals without consideration of the impact on oth-
er goals. For example, a designer may focus on achieving particular performance objectives
without consideration of the impact on modifiability. What is needed is a means of analyzing
the trade offs between the various quality attributes so that designers can evaluate a design
from the point of view of multiple user needs rather than a single one, as suggested by Figure
3-28. The ultimate goal is a methodology to quantitatively analyze, predict, or ensure product
characteristics of the system- Such methodology will allow developers to evaluate and trade
off the quality attributes to arrive at a better overall system.

Performance

Modifiability

Figure 3-28: Interaction Between Systems Requirements
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3.5.2.3 TO&P Funded Activities
TO&P funded activities in this area are closely connected to core funded activities. We use
core funding to mature and transition new technology, often in support of "delivery" to a TO&P
sponsor. TO&P funded activities have already been described in previous sections:

"* Air Force (ASC/YT), Army (STRICOM), and DoD (DMSO) fund structural
modeling

" DoD (SDIO) and Navy (ONR) fund dependable systems
" Navy (NGCR and ONR) funds open systems standards
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4 Technology Transition

The SEI mission of advancing the state of software engineering practice requires a technology
transition strategy that enables us to "work smart," one that gives us leverage in meeting the
needs of our customers. We have learned that development and delivery of products and ser-
vices offer the most effective way to accomplish transition. Our transition products and transi-
tion services help our customers make lasting improvements in their ability to acquire, devel-
op, and maintain software-dependent systems and in their ability to educate people to perform
these activities more effectively. We also act as a catalyst that stimulates the growth of an in-
frastructure owned and maintained by the software community. This approach to transition en-
ables us to have the greatest impact with our limited resources.

In Section 4.1, we describe the models on which our transition strategy is based. These mod-
els enable us to approach transition in a systematic way and provide a variety of products and
services that address our customers' various needs. As we further investigate transition mod-
els (see Section 4.1.1), we will refine our strategy and expand our set of products to gain the
greatest leverage possible.

In Section 4.2, we briefly describe the types of SEI products and services available from the
SEI and the customers who use them: managers, practitioners, and educators. This section
includes a list of products planned for 1994 and potential products to be developed by 1999.
Delivering these products and services to the software engineering community is a challenge
for a small organization like the SEI. To gain leverage, we work with transition partners, who
assist us in tailoring and delivering our products. Section 4.3 describes the activities of transi-
tion partners in more detail.

In addition to developing relationships with transition partners, we have a range of other rela-
tionships that give our customers opportunities to become involved with us--including oppor-
tunities to influence the development of our products and services. Section 4.4 contains details
about how we involve our customers and keep them informed about our work.

Education plays a significant role in technology transition. SEI education-related activities aim
to improve software engineering practices and advance software engineering as a profession.
These activities range from presenting seminars for executives to training trainers of software
practitioners to influencing curriculum decisions at U.S. universities. See Section 4.5 for more
on the role of education in technology transition.

Another key transition activity is providing guidance and advice on process improvement and
technology transition. We work with organizations that are influential leaders in the software
community, helping them to build and sustain continuous improvement of their software pro-
cesses and their processes for adopting new technologies. Section 4.6 describes these ser-
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vices of the SEI, demonstrating how we can help to develop an infrastructure where one is
needed, open new channels for technology transition, and prepare organizations for the
changes that accompany their transition and improvement activities.

We will know our mission has been accomplished when an engineering profession for soft-
ware is well defined and widely accepted, and when there is a self-sustaining infrastructure for
the software engineering community.

4.1 Technology Transition Models

At present the transition of software technology, like that for many other technologies, is
ad hoc, unpredictable, lengthy, and expensive. The solution to this problem lies in understand-
ing its nature: transition requires change in the behavior of individuals, change in the organi-
zations where these individuals work, and more predictable and more rapid maturation of tech-
nology. Models-abstractions that represent approaches to solving particular technology
transition problems-provide a way to unravel the complexity of transition. The SEI has devel-
oped or adapted several models that help us to think systematically about these problems and
to develop an integrated strategy for technology transition.

Figure 4-1 illustrates a conceptual framework for viewing the transition process in terms of
three interlocking life cycles. These are: research and development (including the creation of
prototypes), new product development, and technology adoption and implementation. Togeth-
er, these three life cycles cover technology development and transition from the inception of a
technology until its retirement.

The SEI offers products and services that help to pull the life cycles together, thereby short-
ening the maturation tl;,ie for software technologies. First we offer products and services that
focus on promising concepts from research. Examples are surveys of new technology in terms
of users' needs, conceptual frameworks, standard vocabularies for discussing and comparing
altemative technologies, and evaluation methods for winnowing the possibilities and altema-
tives. For example, the capability maturity model (CMM) is a framework for process improve-
ment; the risk taxonomy is a vocabulary for looking at sources of risk.

104 CMU/SEI-93-SR-19



Draft SEI Pogram Plans: 1994- 1998 Chaper 4 Technology Trnidin
Technroog Tirowo Mod"l

R&D New Product Implementation
Development in Organizations

* 0 S

IBirth repo eetrRetiremnent
of function function ofs
technology technology

Figure 4-1: Conceptual Framework for Technology Transition

Next, the SEI offers products and services that help move technologies selected for advanced

development into the distribution chain. The focus here is on technology producers and advo-
cates (such as vendors of commercial off-the-shelf software). Products and services include

evaluation benchmarks, usage scenarios, and various means for building community consen-
sus regarding the purpose, form, and use of the technology. In some cases, services include

identifying transition partners or channels for the technology and facilitating its transition. For
example, the handbook on rate monotonic analysis (RMA) codifies the use of RMA in a variety
of situations; the computer-aided software engineering (CASE) adoption guide and Ada adop-
tion guides assist organizations in implementing a new technology.

Although Figure 4-1 appears conceptually simple, an inherent complexity becomes evident
when we begin to apply it. Decisions must be made about when to combine what actions at
what time and for whom, depending on the role key participants are playing.
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One important model (Figure 4-2) that the SEI uses to help make those decisions is adapted
from Conner [Conner 82]. This model shows how people and organizations commit to using a
new software technology over time.

Institutionalization

Technology
Adoption0 Implementation

Trial Use
Pilot
Test

Understanding

Awareness

E
E InfomationContact Transition

Time

Figure 4-2: Commitment to Technological Change

Each stage on the curve in Figure 4-2 represents a significant aspect of how commitment is
made to a new technology.

Information Transition

In the first stage, people and organizations first leam of a technology. During the next two stag-
es, they gain increasing awareness of the technology, its value, and its limitations. They de-
velop an understanding of how a technology might be relevant to their specific needs.

These three stages are best addressed through information-intensive mechanisms such as
education, newsletters, electronic bulletin boards, technical reports, short videotapes, journal
and magazine articles, conferences, and demonstrations. These mechanisms enable users of
a technology to come into contact with the technology and gain awareness of its purpose and
application.
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Examples of SEI transition activities and products for the contact, awareness, and understand-
ing stages include: SEI seminars for executives (education); Bridge (news magazine); agree-
ments with the Defense Technical Information Center (DTIC), National Technical Information
Service (NTIS), and Research Access Inc. (RAI) to distribute SEI technical reports; and events
such as the SEI Software Engineering Symposium, Conference on Software Engineering Ed-
ucation, and Risk Conference.

Pilot Test

If experiences during the contact, awareness, and understanding stages are positive, potential
adopters for a technology may decide to try it out to determine how well it addresses their
needs. Trial use then initiates the next stage. This and later stages are more labor-intensive
for the adopters and for the people who support them.

Here, transition mechanisms include training to build skills, new or revised standards and pro-
cedures, use of new tools, apprenticeships, customer services, consulting, and perhaps even
revision of reward systems. The payoff for this investment comes when positive results in trial
use lead to broader use. Products and services that help organizations move to the next stage
are those that define maturity stages and factors, along with yield estimators.

Examples of SEI support for the trial use stage include: SEI courses for practitioners, Hart-
stone benchmark prototype software, working with resident affiliates, and licensing SPA asso-
ciates.

Technology Implementation

With adoption, the organization commits to critical path use of a technology. In institutionaliza-
tion, the technology is the technology of choice for the problem area it addresses and for all
candidate users.

To support the move into widespread use, products and services are needed to define and
support migration paths from current practice to the new best practice. Examples are special-
ized adoption models and strategies; creation or identification of transition vehicles for the
technologies; and handbooks and guides, which provide reference materials for daily use.
This class of products and services can be described as transition efforts intended to move
ever larger portions of the community ever higher on the adoption curve.

Examples of SEI products and services for organizations at the adoption and institutionaliza-
tion stages include: curriculum dissemination directly to universities so that the next genera-
tion of software engineers is well prepared; use of the National Technological University as a
transition partner; train-the-trainer courses; the RMA Handbook and Ada adoption guides; in-
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volvement with Software Process Improvement Network (SPIN) groups that allow software en-
gineering process groups (SEPGs) to learn from each other; and participation in standards de-
velopment such as ISO 9000 and FutureBus+.

The model in Figure 4-2 reminds us of the magnitude of change new software technology can
demand. For the SEI to achieve its mission, each individual in each organization and commu-
nity must progress through several stages of commitment for each technology that is to be
adopted. The challenge is great; the population addressed by the SEI transition effort exceeds
250,000 technical professionals, their managers, and the academic and continuing education
community that serves these individuals. The SEI must find ways to leverage its resources.

The SEI extends and amplifies its impact by selecting products and services that can have the
most far-reaching effect and by using the existing infrastructure, including the commercial in-
frastructure, to the greatest extent possible. The following sections in this chapter describe in
more detail some of the ways the SEI does this.

4.1.1 Investigations into Technology Transition Models
Because software technology transition is one of the SEI core competencies, we conduct in-
vestigations that help us determine how to accomplish transition of software technology most
effectively and how to create products that most effectively support our customers' improve-
ment efforts. We are investigating approaches to software technology transition and develop-
ing a framework within which transition strategies can be selected and mechanisms chosen.

4.1.1.1 Five-Year Plan

4.1.1.1.1 Goals

The long-term goal of our investigations is to have a predictable, systematic, and replicable
process of software engineering technology transition recognized and widely practiced within
the SEPG community by 1999. We will know we are successful when the conceptual frame-
work, vocabulary, models, and methods for planning and incorporating new technology in soft-
ware organizations are taught and practiced as routinely as software project management,
and when technology transition efforts are accomplished as predicted, on schedule, and within
budget.

4.1.1.2 Strategy

* Assume a national leadership role in building consensus across the software
engineering community on a conceptual framework, vocabulary, models, and
methods for software technology transition.
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"* Establish a national presence for the SEI in the area of software technology
transition models.

"• Develop a model-based planning and implementation process for software
technology transition. Refine the conceptual framework and vocabulary.

" Demonstrate the feasibility of a systematic, predictable, and replicable
process-that is, an engineered approach to software technology
transition-by analyzing SEI transition success stories in terms of the
conceptual framework, vocabulary, models, and methods. Publish software
transition case studies based on demonstration of transition methods
developed or refined at the SEI.

" Educate executive and line managers and engineers regarding technology
transition concepts for software engineering, along with vocabulary, models,
and methods. Continue our development of an education and training
program for line software managers, senior engineers, and members of
software engineering process groups.

" Develop aids to support managers and engineers who must plan and
implement software technology transition efforts. These may be paper-based
or provided through software or other media. Initiate a joint venture with a
vendor to beta test an aid for planning and decision making in software
transition efforts.

" Establish an ongoing relationship with the National Technology Transfer
Center, Council of Consortia, and related agencies and functions.

4.1.1.3 Potential Products

Workshop: Managing Software Technology Transition as a Project (20 1994). This one-
day workshop provides concepts and basic skills for change agents within organizations who
must introduce software technologies. It describes a conceptual framework and vocabulary for
software technology transition, and transition models in the categories of people, organization
and technology, within a framework of steps for transition planning. The workshop includes
brief exercises and a case study.

Revised workshop: The Technology of Technology Transition (30 1994, tentative; de-
pends on TO&P). This three-day workshop provides concepts and basic skills for technology
developers who are preparing their technologies for transition. It describes a conceptual
framework, models, and vocabulary for software technology transition, and addresses ap-
proaches to product development and receptor organizations that can enhance a technology's
transition potential.

Special report on prototype aid beta test results (30 1994). The functional prototype (key
functions) of the aid for change agents who must introduce software technologies into organi-
zations will be evaluated through a series of beta tests. This report will mark the completion of
this work and will describe results to change agents.
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SEI technical report: Conceptual Framework for Software Technology Transition, v. 2
(4Q 1994). This report, for change agents, technology developers, software managers, and
software engineering educators, will provide an updated and extended version of the technical
report of the same title delivered in 1993. It will contain the conceptual framework, vocabulary,
and basic set of transition models for software technology transition.

Lessons learned report (4Q 1994). This report, for change agents, technology developers,
software managers, and software engineering educators, will present a detailed description
and analysis of experience in applying the software technology transition conceptual frame-
work and models to a specific transition situation for an SEI technology.

Special report on results of beta test of software aid prototype (1995-1998). The final
prototype (all functions) of the aid for change agents who must introduce software technolo-
gies into organizations will be evaluated through a beta test. This report will mark the comple-
tion of this work, which is a joint effort, and will describe results to change agents.

Case studies (1995-1998). Formal case studies covering a range of software technology tran-
sition situations will be conducted and documented. These case studies will provide opportu-
nity for change agents, technology developers, managers, and software engineering
educators to learn about transition through the experience of others. The case studies will pro-
vide analyses of both successes and limitations of transition of specific software technologies.

Education and training programs (1995-1998). A curriculum in software technology transi-
tion will be designed and developed. It will address the need for both education and training in
software technology transition concepts, terminology, models, planning and management. Ul-
timately these education and trainirg programs will be licensed.

4.1.1.4 One-Year Plan

4.1.1.4.1 Context
In 1993, we completed the technical report, A Case Study of the Transition of Rate Monotonic
Analysis. This report provides an example for technology developers who must plan the tran-
sition of their technologies. We also developed a conceptual framework for software technol-
ogy transition and published a short, preliminary version in a Bridge article and, later, a tech-
nical report entitled Software Technology Transition: A Conceptual Framework We
developed, with the Univeisidad Politecnica de Madrid, a paper prototype of an aid for those
who must introduce new software technologies into organizations. We also developed and de-
livered a tutorial, Managing Software Technology Transition as a Project (at the SEPG Nation-
al Meeting and the SEI Symposium); this tutorial will serve as a prototype for the workshop
that is a 1994 deliverable.

110 CMU/SEI-93-SR-19



Draft SEI Program Plans: 1994-1998 Cha~er 4 Technology Trmelteio
Tectviology Trauiwson Mode•

Inv*esbaons nto Technology Transrion Mod"el
One-Year Plan

4.1.1.4.2 Core Funded Activities

In this activity, we work toward describing the overall transition process flow from the inception
of a technology to its retirement. For each of three major arenas of technology transition-
R&D, new product development, and implementation of technology in organizations--there is
a set of tasks that must be accomplished, specific terminology that applies, and one or more
disciplinary bases to draw from. Because the SEI transition efforts range across all three are-
nas, it is important to articulate clearly each arena and how each interacts with the other. This
can provide the SEI and its constituents a common framework within which to understand
technology transition activities and relationships. Our relationship with the Council of Consor-
tia will provide input, as will continuing attendance at important conferences and meetings
within the technology transfer community, and literature reviews. We will build on and extend
the work in version 1 of the SEI technical report, Software Technology Transition: A Concep-
tual Framework.

The conceptual framework, vocabulary, models and methods developed will then be used to
plan and implement the transition of an SEI technology. We have plans to explore an effort in
process definition technology with other SEI staff. Because software technology transition can
be described as a process, this work will also help refine the overall transition flow mentioned
above. It should also provide input as we refine the aid for change agents in the activity de-
scribed next.

We will continue our work to develop a software-based aid for change agents who must intro-
duce software technology into their organizations by beta testing a prototype in several orga-
nizations. An effective transition plan usually combines a number of mechanisms such as ne-
gotiation, briefings, training, electronic mail and bulletin boards, marketing materials, and
documentation of various types. Most software practitioners and managers have experience
with these mechanisms but have only limited experience in choosing and combining them for
use in a transition situation. This aid will provide transition problem analysis and technology
implementation planning support. The aid is also a vehicle for accumulating, in an organized
and focused way, our experience and knowledge in software technology transition.

Because the aid will take some time to develop, we are working to develop a one-day hands-
on workshop for change agents, either managers or practitioners. This workshop integrates
the results of the three activities just described in a practical short course on how to plan and
implement transition in an organization.

4.1.1.4.3 TO&P Funded Activities

The Air Force has expressed interest in developing the concept of "technology broker" so that
technology maturation can be managed more effectively. We will support an Air Force working
group on software technology transition in evolving this concept. As part of this effort, we will

CMU/SEI-93-SR-19 lii



Chaer 4 Technology Tmnufion Draft SEI Program Pins: 1994-1996
Technology Tranrltion Models

Inv esbgatons into Technology Trantbon Models
On*-Yeag Plan

build on the conceptual framework for software technology transition already developed at the
SEI by tailoring it and related terminology for Air Force use. This work will contribute to evolv-
ing version 2 of the framework as discussed above.

The workshop described above, Managing Technology Transition as a Project, will be tailored
for Air Force change agents and presented as resources allow and in the context of an overall
plan for supporting the Air Force that is now in preparation. (Negotiations are underway with
the Embedded Computer Resources Support Improvement Program (ESIP) for several years
of support in this area.)

We will revise the workshop, The Technology of Technology Transition, that has been taught
for several years to Air Force change agents and technology transition managers. The goal of
the revision is consistency with the conceptual framework described above and improvements
in response to comments received to date. The workshop will continue to provide concepts
and basic skills for technology developers who are preparing their technologies for transition.

We will continue our support of technology receptor organizations such as Air Mobility Com-
mand and Air Combat Command. This work involves assistance in planning and implementing
pilot uses of software technology. This work can be combined in part with testing of the proto-
type aid to change agents.

We wil! provide other technology transition training and education, including the Managing
Technological Change and the Consulting Skills workshops.

Air Force-specific software technology transition case studies will be considered and devel-
oped if appropriate as vehicles of surrogate experience in software technology transition for
both practitioners and managers.

1995-1998

The final prototype (all functions) of the aid for change agents will be evaluated through beta
testing in a number of organizations. If results show that the aid is promising, partners will be
sought for creation of a commercial tool.

We will conduct and document formal case studies covering a range of software technology
transition situations. We have identified a set of typical software transition situations, and case
studies for these will enable change agents, technology developers, managers, and software
engineering educators to gain surrogate learning about transition. The case studies will pro-
vide analyses of both successes and limitations of a range of transition situations, to allow em-
ulation of success and avoidance of problem areas.
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The workshops currently available or under development for 1994 will be reviewed and
evolved into a curriculum in software technology transition for managers and practitioners. The
curriculum will address the need for both education and training in software technology tran-
sition concepts, terminology, models, planning and management, and will supplement the ma-
terial contained in the aid for change agents.

4.1.1.4,4 Activities Funded from Sources Other than Core and TO&P

The SEI will work with the Technology Transfer and Best Practices Working Groups of the
Council of Consortia to develop and alpha test a prototype support tool for performing technol-
ogy transition planning.

4.2 Products and Services

To achieve the leverage required to have a significant impact on the state of the practice, the
SEI designs products and services to facilitate and expedite software technology transition.
This section describes our products and services in terms of their form and the segment of the
software engineering community for which they are intended.

To support the effort of the software community to improve its practice, we offer these varied
products and services:

"*Courses: a structured set of learning experiences designed to change
learner behavior based on prespecified performance objectives. (See
Section 4.5 for a description of the role education plays in technology
transition.)

" Events: an SEI-sponsored or co-sponsored activity, such as a meeting,
workshop, symposium, or conference, that is designed to promote
information exchange between us and our customers and among the
members of the software community.

" Publications: a standard SEI document, which may be published by CMU or
published by a transition partner, such as Addison-Wesley, Springer-Verlag,
or Kluwer Academic Publishers.

" Prototype software: code in source or object form (or both) that implements
a process, method, or tool.
"Videotapes: instructional or informational programs, available as stand-
alone products such as those in the SEI Technology Series. (Videotapes may
also be a part of a course or educational materials.)

" Guidance and advice: our primary form of service to practitioners,
managers, educators, or project teams, to help them adopt improved
practices in their organization. SEI activities include working directly with
customer organizations that are influential leaders in the software
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community, assisting professionals who play consulting roles in improvement
efforts, and promoting the development of industry and government
infrastructures that support the adoption of improved practices. (See Section
4.6 for more detail about the role services play in technology transition.)

To more effectively serve our customers, we have divided products and services into three
product categories, each of which addresses the problems of a segment of the software com-
munity:

1. Those that help senior managers do a better job of leading software organi-

zations to build higher quality software and to do so more productively.

2. Those that help software practitioners produce and maintain better software.

3. Those that enable educators to improve software engineering education and
training.

Although we draw from all the technical activities (described in Chapter 3) and the software
community at large for products and services, there are some natural associations based on
the needs of the customers. For managers, most products and services come from the areas
of software process and software risk management. For practitioners, most come from soft-
ware methods and tools and real-time systems. Because of the key role education plays in
transition (see Section 4.5), products and services for educators cut across all these areas.

In 1992 we developed a package of materials that describes currently available products and
services, arranged into product categories, sc. our customers can more easily learn what we
have to offer. This package is being updated for 1993 (a summary appears in Appendix A).
Our objective is to offer a cohesive set of products and services that help managers, practitio-
ners, and educators improve software engineering practices. A qualitative measure of success
for the SEI transition activities is the robustness and usefulness of our products.

4.2.1 Manager Products
Managers in the software community are concerned that systems meet performance require-
ments and are developed on schedule and within cost. Software managers typically function
in crisis-driven environments that are characterized by ad hoc processes, a reliance on indi-
vidual talents, a lack of visibility and predictability, and little insight into the impact of require-
ments changes on the systems they are building. Managers in software development organi-
zations face problems associated with the process of building and maintaining software.
Managers in the acquisition business face problems such as evaluating potential contractors,
identifying risks inherent in managing software contracts, and managing those risks. Manag-
ers address these issues through the application of disciplined and systematic methods such
as the CMM, risk management, and management of technological change. They need new
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and different ways to determine the risks inherent in their organizations and programs, to raise
the maturity level of their organizations, and to decide what level of investment and priority
should be given to an improvement program.

SEI products are designed to help managers solve their problems through risk management,
software process improvement, and technology adoption in their organizations. The primary
focus of these products is on (1) improving the software process by raising the maturity level
of these organizations to one where an organizational capability exists and an acceptable level
of visibility and predictability is achieved; (2) identifying and mitigating organizational and pro-
gram risks; and (3) facilitating adoption and institutionalization of new technologies to improve
software quality and productivity into organizations.

4.2.2 Practitioner Products

Practitioners involved in software development and maintenance are concerned about pro-
ductivity, quality, and dependability. They address these by disciplined application of methods
and tools to predict and control the behavior of their software systems. They need new para-
digms and models to predictably create systems that possess essential characteristics such
as fault tolerance, interoperability, and modifiability. Increasing the predictability of the engi-
neering methods and tools will dramatically increase developers' productivity. Practitioners
also need to ensure, throughout the system life cycle, that the specifications they write and the
software they build will meet their customers' needs. And because the software systems are
complex, practitioners need to identify integrated technologies and tools that support their
methods, that are right for transition, and that can be adopted within their organization.

Products for practitioners provide software engineering methods and tools that address a wide
range of software issues, including performance, safety, fault tolerance, interoperability, re-
use, reengineering, and modifiability. These products help practitioners improve their effec-
tiveness and efficiency in engineering and reengineering large software-intensive systems
and improve their ability to predict and control the development process and the quality of the
systems they develop.
There are three primary thrusts for products that document and automate process and product

technologies:

1. Methods and tools using current best practice applicable to all domains.

2. Methods and tools using current best practice and qualitative methods for
specific application domains.

3. The development of new quantitative methods, such as RMA, for added
predictive capability for specific system qualities.
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These will help to improve the state of software practice and raise the maturity of the software
engineering profession.

4.2.3 Educator Products

Educators face the challenge of preparing people to become productive software engineers
and improving their performance after they are in the field. This involves understanding what
constitutes a good software engineer (knowledge, skills, and qualities) and integrating this
knowledge with efforts to improve (1) the educational processes and practices that identify and
prepare software engineers, and (2) the organizational processes and practices that support
software engineers and enable them to continuously improve throughout their career.

University educators must define academic programs that establish the discipline of software
engineering at both the graduate and the undergraduate level to adequately prepare new soft-
ware engineers entering the work force. Educators and trainers of current professionals must
meet both immediate and long-term needs. They must provide training in new processes,
methods, and tools, and also find ways to provide for life-long learning in a field that is rapidly
changing to ensure that software engineers avoid obsolescence throughout their career.

Products for educators are designed to promote and foster software engineering as a leading
discipline and viable career path for software professionals through life-long learning opportu-
nities. The technical foundation for many of these products is the evolving SEI model curricula
for graduate and undergraduate degree programs in software engineering. Courses and other
educational materials aid educators who teach in these programs. Courses for continuing ed-
ucation and training integrate topics and best practices relating to software process, methods
and tools, real-time systems, and risk. For educators preparing future generations of software
engineers in academia and for those keeping current practitioners up to date in industry and
government, the products emphasize the teaching of software engineering concepts and prin-
ciples that pave the way for effective skill-based, experiential, and just-in-time learning.

4.2.4 Summary of SEI Product Plans
The following tables summarize the products planned for 1994 and potential products that may
be developed in 1995-1998. All are subject to SEI internal review and quality assurance ac-
tivities before we make them widely available.
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4.2.4.1 Products Planned for 1994

SeKn 3.2.1.3

CMM v 1.1 Training V V V page 35

CMM Huwan Resource Maturity y V v Section 3.2.13
Enhancement page 35

SPA Trainig (Upgrade) V V Section 3.2.1.3
page 36

SPA MOW (pgrade) y Section 3.2.13

SPA Method (upgrade) for Levels 4 and 5 V Section 3.2.13
page 36

SPA Tailorig Techniques • Section 3.2.1.3
page 36

SCE Training (pgrade) y V Section 3.2.1.3
page 36

SCE Mhod (Wgy) V Secton 32.1.3
page 37

P n T D T Section 3.2.1.3
page 37

Measurement Workshop V V Secy 3.2.1.3
page 38

Cost Estirlating Techniques V V Sacbion 3.2.1.3
M page 36

Measurement Definition Cheidists & y y Secion 3.2.1.3
Frmewos page 38
instant Profile V V Socdion 3.2.1.3

pg39

Process Value Method Pi V V Section 3.2.1.3
_ _page 39
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4.2.4.1 Products Planned for 1994 (continued)

T m WE 7 S:0 M uM isk em0en e Tutotiv 
Section 33.1.3

Rnine Ierdiaimriig Course CoecVo page 5

AdvanceRis Musktionedla Hranerd for Section 3.3.1.3

flp fuinet ee RciskAsaeurE~:dito V Section 3.3.1.3

TAnnua SoEI kse Software Enkeen Section 3.4.1.3
Tnietin Cuese Collctiop engeg V' page 75
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4.2.4.1 Products Planned for 1994 (continued)

Ope SyWnsStad~l fo RGýTve vSGCtiW 3.5.1.3

Spec Fu TW reotopootpadbeAte v Secfiort 3.5.1.3
______________________________ _______ ______page 910

FNmRadaoicfr Sotare Rephorots y Section 3.1.1.3
page 911

STIO Reyd y Section43.5.1.3
______ _ ___ _____ ____ __ page 110
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4.2.4.1 Products Planned for 1994 (continued)

Dredorsy Of dwI euit NW y y Seokn4.5.1.1.3
Corl_____ pape 134

Cmmanrelamsdmedam m m Sectio 4.5.1.1.3
_____ _____ ____ page 135

Pavsinof~firi m Secion 4.5.1.1.3

Updte f aadrni cors Section4.5.1.1.3
_____ Design___ page 135

U00ol ceorkow Sedton 4.5.1.1.3
Sotar____ato adVdao poge 135

pmoess aeas atlevels 2and 3 of heSEl ry r Sdin....
pape 135

Fackydevlomt erin SeCbio 4.5.1.1.3

___________pape 135

Caf1994mSEIR~ on Software Engieer" r ry Secti 4.52.1.3

Edcaio papio 138.1

1994~~y SEI yr nSfwaeEoe Sectbo 4.52.1.
Educdonpape 128

SOI Syrok Section 4A4.7
pope 130
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4.2.4.2 Potential Products for 1995-1998

Process Definition Train-te-Trainr (1995) v V Ses 3.2.1.3

Pmocm Value Method (I99M) v v Secioin 3.2.1.3pape 39_ Sadon32l3

CMAM V 2.0 (1996-1997) v v Sedion 3.2.1.3

M ,y 4 y v v Secdon 3.2.1.3
(1996-1997) page 35

CMM for Small Organizations (1996-1997) v y Seti 3.2.1.3

CMM Validation Study (1996-1997) y v Sedion 3.2.1.3
page 39

SEI Sotware Risk C.,onfern (annual) V v v Section 3.3.1.3
page 52

Tduae Taxomom-Based Quesionnaire v v• Secdm 3.3.1.3(1995) pagp 53

Risk Analysis Training Course (1995) V v b 3.3.1.3pap 53

dtwm Flisk.Evaluiiion (SRE) Tm w IT SecKin 3.3.1.3
Trainer (1995) page 54

:ykdve Decision Tool (1995) • Secti 3.3.1.3
______ ___ _page 54

Town Risk Managemnent Uses's Guide v Saction 3.3.1.3
(1995) pa 55

rm Data Repostory (1996) v Secti 3.3.1.3

Soltware Risk Caqabifty improvemn v v Section 3.3.1.3
Gud (1996) po 5

Prmgrom Managers Risk Indicators and y Section 3.3.1.3
Alets Tool (1996) _pop__ __ 55

Pra Managers Assistt (1997) Section 3.3.1.3
_ _1__ _page 55
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4.2.4.2 Potential Products for 1995-1998 (continued)

Guide to Best Model-Based Software Section U4.1.3
Enoweing ractcti: ditinI_19__ page 75

Roadap or Ervionmnt TlirobWSection 3.4.1.3

CvA9to ed Rengneetng ractce:Section 3.4.1.3

Guide to Be Pratie inSage eto 7641.

Guide to Best Practice in SEEs: Edition 2 S aeto 3.41.

Guide to Best ModelBased Software ySection 3.4.1.3

Waftnt S~s (998)Section 3.4.1.3
_ _ _ _ _ _ ____ page 76

Sotae eeo~ adbo anul Section 3.5.1.3
page 93

Software Developets Forum (a.miu V Section 3.5.1.3

Systems Fault Tolerant: Tschnolgy Setoy...

Softare ectit*W wareess idewSection 3.5.1.3
(M~ie ___yer)_ 94

Open Systems Architecture Handbook y Section 3.5.1.3
(199__) page 91

* Open Systems Standard tor Real-Tine Section 3.5.1.3
_________i (195 page 91

Open Systems Standard for High Section 3.5.1.3
Perforance Ntworks(1996 pape 91

Core Architecture for FtiMi Simutatois ySection 3.5.1.3
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4.2.4.2 Potential Products for 1995-1998 (continued)

Scial rene on results of beta test of Section 4.1.1.3
sftware aid poelDa (1995-199usl ) page 110

Case studies (199(-1996) - V Spage 110 .3

Education and training program s Section 4.1.1.3
(1995-1998) page 110

Conference on Software Eng cinrin v Section 4.52.1.3
Education (hold amually) page 138

to meuse (1995) V Vpage 135

CMAM key process area ardlor special • V pageto 4..139
topics (1995-1998) pg 3

mw Section 4.5.2.1.3
page 139

Revisd cuuIla( 1) 1.3
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4.2.4.2 Potential Products for 1995-1998 (continued)

Visitors Day (three per year) V eto ..
page 126

SEI Symposium (annual) V V V page 130

4.3 Transition Partners

Transition partners provide high leverage in SEI efforts to accelerate the reduction to practice
and promulgate the use of modern software engineering techniques and methods. By taking
advantage of existing delivery structures, transition partnerships save the time and expense
of creating new infrastructure exclusive to the SEL. The most successful transition partners are
those who are already active in the market segment to which they intend to target the SEI prod-
uct and who have sufficient resources and motivation to actively promote and support their
SEI-related effort.

In selecting transition partners, the SEI assesses their potential for success and their appro-
priateness for the role of transitioning SEI-related material. Some of the factors that are con-
sidered include

i Composition of their current customer base

"* Technical experience and competence

"* Nature of mutually acceptable terms of partnership

i Willingness to enter into a non-exclusive arrangement

There is a variety of transition partner roles and approaches. Organizations like NTIS and
DTIC represent one type of transition partner. The role of these organizations is purely infor-
mation dissemination. They are not generally considered commercial organizations, and they
do not require ongoing SEI support. They do not have resource impact on the institute, either
positive or negative. DTIC is the organization with which the SEI has had its longest running
transition partner arrangement. All technical reports and other documents that have been ap-
proved for public release by the Joint Program Office are available to government organiza-
tions through DTIC.
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Another type of transition partner is represented by the software process assessment (SPA)
associates, some of whom work closely with the SEI as the product matures and then deliver
it. This type of partner acquires and adds value to advanced technology or management tech-
niques that were developed by the SEI and that the partner believes can help their customers
enhance the effectiveness of their work. The value added by this type of partner is primarily
technical and, in some cases, consultative in nature. Most often the partner is already in a soft-
ware-related business. From the SEI point of view, this category of partner requires continuing
contact and support over time.

Ideally, these transition partners become involved with the SEI very early in the development
process and help to identify potential customer needs and define corresponding product fea-
tures and benefits. Later in the development cycle, they collaborate in piloting the new product
or technology. Thus, in this case transition partners can become development partners as
well, which provides further leverage for the DoD investment.

More often, as in the case of the SPA associates, the SEI will have done much of the market
analysis, product design, and early development work before transition partners are identified.
The advantage of this approach is that multiple transition partners participate in the final stag-
es of product development, and the resulting synergism allows broader coverage in a shorter
period of time than would otherwise be the case.

A third type of transition partner is represented by organizations like National Technological
University (NTU) and RAI. NTU broadcasts SEI courses by satellite, and RAI distributes SEI
documents. These organizations are more typical of partners in today's economic environ-
ment. Their objective is to acquire the rights to distribute SEI products, for which they are will-
ing to pay royalties. Primary contributions of this category of partner are marketing and scope
of delivery or coverage. Most often this type of partner is already in some form of delivery or
distribution business but not necessarily in a software-related field. From the SEI point of view,
this type of partner requires very little ongoing support.

This type of transition partner becomes involved only after the SEI has produced a mature
product. In most cases, the SEI may have already been delivering the product and is consid-
ering a partnership in order to relieve customer demand on the SEI's fragile delivery infrastruc-
ture. In these cases, the SEI builds a business case for the transition partner to aggressively
pursue the transition of the SEI product.
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National Defense University is a good example of how the SEI uses the existing infrastructure
to reach large numbers of people. This transition partner has incorporated a series of SEI
courses into their curriculum with only modest changes to the way the courses were originally
designed to be used. The partnership makes it possible for our courses to reach a large gov-
ernment audience without a large investment on the part of either partner.

Appendix C contains a list of our current transition partners.

4.4 Customer Involvement

The SEI has developed a range of relationships, from those that satisfy customer needs for
general information about the SEI and its technical program to those that involve collaboration
and exchange of technology. The SEI provides opportunities for customers to participate in
technical interchange meetings, workshops, conferences, and educational offerings as well as
the acquisition and co-development of specific products and services. The ways in which our
customers can work with the SEI are described below.

4.4.1 Customer Inquiry/Response

This service is provided through the SEI information line: (412) 268-5800; Internet e-mail:
customer-relations@sei. cmu. edu; and FAX: (412) 268-5758. The customer informa.-
tion specialists who provide this service are fully prepared to answer any question of a general
nature about the SEI, to mail pertinent descriptive materials, and to follow up with members of
the SEI technical staff to provide more detailed information. The SEI provides this service dur-
ing normal working hours, handling up to 200 requests per week. We collect statistics and
maintain a database reflecting the character of the inquiry/response traffic. This information is
often used by others at the SEI to contact and respond to our customer community.

Another way of reaching customers is through Visitor's Day, which is hosted by the SEI three
times a year to familiarize software managers, practitioners, and educators with the SEI and
its activities. Members of the SEI technical staff give presentations on the technical program,
and SEI products and services.

4.4.2 Subscriber Program

The Subscriber Program is an effective way for an individual to stay informed about SEI activ-
ities. Participants receive mailings that keep them up to date on SEI events, course offerings,
work in progress, new products, and new initiatives. Anyone with a United States mailing ad-
dress is eligible to subscribe. A fee of $100 (as of January 1993) has been established to help
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offset costs of delivery. The fe covers an entire year from the date that the subscription is
activated. It applies to industry and academia; government customers receive the same ben-
efits at no cost by controlled distribution.

SEI subscribers currently receive the following:

"* The quarterly Bridge magazine

"* The annual Technical Review

"* Discounts on technical reports

"* A substantial discount at the annual SEI Software Engineering Symposium

"* Early notification of SEI events

4.4.3 Resident Affiliate Program

The Resident Affiliate Program provides the opportunity for experienced technical personnel
from government, industry, and academic organizations to participate in SEI projects. Resi-
dent affiliates contribute both as software engineers and as application domain experts, pro-
viding a valuable and practical perspective. They help us understand our customers' needs by
providing information about their home organizations that helps us understand the organiza-
tional and technical contexts in which they practice software development.

The sponsoring organizations benefit by participating in technical activities that might not be
possible in their own organizations, by obtaining early the results of SEI technical activities,
and by having access to SEI people, projects, and other resident affiliates. The resident affili-
ate benefits from working in a different technical context, from participating in the many work-
shops and other activities at the SEI and in the larger CMU community, and from interacting
with colleagues from different professional, technical, and organizational backgrounds. The
SEI also benefits because it obtains experience, expertise, and additional insight into the soft-
ware engineering community.

Resident affiliates work on site at the SEI for a negotiated period, usually 6 to 24 months; they
may spend half to full time at the SEI. They devote approximately 80 percent of their time to
an SEI technical project and the remaining time to technology transfer and liaison activities
back to their home organizations. Resident affiliates are treated as integral members of the
SEI staff.

Organizations that have participated in the Resident Affiliates Program are listed in Appendix
B.
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4.4.4 Advisory Boards/Working Groups
From time to time, the SEI identifies the need for a customer advisory board or working group
to provide customer guidance on current activities and future plans, and to perform technical
reviews of products. Members are selected through a screening process using project-defined
criteria intended to populate the board or group with a mix of technical professionals who can
help satisfy SEI technical objectives. The current advisory boards and working groups include
the following:

"* Software Process Program Advisory Board
"* Process Definition Advisory Group
"* Measurement Steering Committee

"* Software Metrics Definition Working Group

"* Software Acquisition Metrics Working Group
"* Software Action Plan Measurement Team
"* CMM Advisory Board

* CMM Correspondence Group
* CMM Review Group

* Software Capability Evaluation (SCE) Advisory Board
* SCE Review Group

* Software Dependability Working Group
• Risk Taxonomy Users Group

4.4.5 Software Process Improvement Network
In September 1992, the SEI agreed to serve as coordinator for the emerging software process
improvement network (SPIN). The purpose of the SPIN groups is to satisfy customer needs
for a practical forum for exchanging ideas, information, and mutual support on the subject of
software process improvement. The primary role of the SEI is to disseminate information from
existing SPIN organizations to groups of people in common geographical locations who are
interested in starting new SPIN groups. The SEI maintains a directory of all currently active
SPINs and points of contact in areas where interest has been expressed in forming a new
SPIN. Active SPIN organizations have been formed in Washington, D.C., Irvine, California
(serving Orange and Los Angeles counties), Dallas, Austin, Boston, and Seattle. New SPINs
are emerging in Boulder, St. Louis, and Hoboken (serving northem New Jersey). Future ser-
vices to be provided by the SEI include a SPIN newsletter and SPIN start-up kit.
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The Software Process Improvement Network provides significant leverage for transition. The
SEI interacts with SPIN groups, each member of which represents one or more SEPG. Each
SEPG, in turn, represents a corporate software engineering staff often measured in the hun-
dreds. Figure 4-3 illustrates this one-to-many effect.

4.4.6 Technical and Strategic Partnership Programs
The technical and strategic partnership programs are intended to create well-defined and well-
managed relationships with the community of industry customers. Through these partner-
ships, the SEI has access to an industry constituency that can provide input to the SEI tech-
nical program; advance the maturity and accelerate the development of SEI technology, prod-
ucts or services; and provide in-kind and direct funding resources.

4.4.6.1 Technical Partnerships

Technical partnerships are formed for a fixed duration and involve well-defined areas of col-
laboration with a single SEI technical activity. Current examples include co-development of
products of mutual interest (for example, roadmaps, field guides, handbooks, and training
courses), early product review, and pilot/field testing of new products or processes. Technical
partnerships are initiated by mutual agreement and are negotiated between the project and
the potential partner with the intent of exchanging value of mutual benefit.

4.4.6.2 Strategic Partnerships

Strategic partnerships are long-term, collaborative relationships between the SEI and selected
industry partners. These partnerships are characterized by mutual statements of strategic in-
tent and goals. The strategic relationship is realized by executing multiple technical partner-
ship agreements, as described above.

Candidate strategic partners have demonstrated their commitment to the SEI mission and vi-
sion and the transition of SEI-developed approaches by virtue of their historical and current
involvement with the SEI. In addition, they have demonstrated a strong commitment to contin-
uous improvement in the quality of their own software products and processes. The SEI seeks
partners who are recognized leaders in several market segments, who have an ability to exe-
cute technology transition roles, and who can contribute to the depth and breadth of the SEI
technical program. Benefits for strategic partners include broader, and often more immediate,
access to SEI products, services, and technical staff; an opportunity to have input into SEI ac-
tivities; and early access to products being co-developed, including products that may have
been difficult to develop in a timely way without the benefit of collaboration.
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Figure 4-3: Effect of Software Process Improvement Networks

4.4.7 SEI Software Engineering Symposium
This symposium is a major SEI event and perhaps our most visible technology transition ac-
tivity. Held annually, it is the primary forum for presenting SEI work to the U.S. software engi-
neering community. The symposium program includes a significant number of presentations
from industry and government customers whose technology results relate to SEI work in
progress.

This years theme-The Business of Software Engineering: The Competitive Edge-reflects
the Clinton/Gore conversion/dual-use agenda and the resulting expansion in the ARPA role to
implement that agenda. It also extends the community traditionally served by the SEI to in-
clude the full range of defense and commercial organizations that are pursuing technology de-
signed to preserve and increase U.S. competitiveness in software engineering. The sympo-
sium provides a valuable opportunity to our customers and ourselves, not only to learn about
mutually beneficial activities but also to interact, to learn of emerging software engineering
technology applications, and to provide feedback to one another.

Since the inception of the symposium in 1987, attendance at the event has increased from 360
to 1,200. More importantly, an increasing number of presentations are given by our customers.
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Many other events are held for customers who are interested in specific aspects of software
engineering or SEI work; for example, the Risk Conference, the Conference on Software En-
gineering Education, and Visitors Day. These and other events are in our product lists and are
described in various sections of this document.
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4.5 Education In Technology Transition

Education plays a significant role in technology transition. Our charter recognizes its impor-
tance as a mechanism for improving software engineering practice. The charter states:

"The SEI shall develop and conduct courses and seminars with respect to the evolving state
of the art and practice in software-intensive systems. It shall also influence software engineer-
ing curricula development throughout the education community."

We believe that (1) property educated people are better prepared to engineer software for in-
creasingly complex systems, and that (2) the education community has an important role in
establishing software engineering as a recognized discipline and profession.

Three types of education are important to the development of a highly qualified software en-
gineer. The first is the initial education that prepares the engineer for entry into the profession;
this is normally provided by the academic community in the form of bachelor's and master's
degree programs. The second is continuing education that enables the engineer to stay cur-
rent in a rapidly evolving discipline; this is provided through a variety of mechanisms, including
in-house education programs, education vendors, university courses, and professional confer-
ences and publications. The third type of education enables an engineer or an organization to
adopt and use specific new technologies; that education and associated training are normally
provided in-house or by the technology vendor.

Currently, there are no undergraduate and only a few graduate programs in software engineer-
ing in U.S. universities, so software engineers continue to enter the profession with inadequate
education. This increases the burden on continuing education, which must address deficien-
cies in preparation as well as advances in the discipline. Very large software organizations
may have an internal continuing education capability, but the majority of software engineers
have few opportunities for continuing education.

Our vision is a software engineering community in which all types of education are available
and of high quality. In addition, we envision software engineering to be an accepted academic
and professional discipline. To achieve our vision, SEI education activities seek to provide or
influence all three types of software engineering education. In keeping with the charter, we fo-
cus our activities in two areas: developing and delivering courses and associated courseware,
and influencing curriculum development. Each is elaborated below.

4.5.1 Course Development and Delivery
We develop course offerings and accompanying courseware that address the state of the art
and practice in both the management and technical aspects of software engineering. Devel-
opment of these products is a collaborative effort involving instructional designers, graphics
and video producers, communication and editing experts, and software professionals. When
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the SEI has a technology that is mature enough for transition to the software community
through education, SEI courseware reflects this expertise. Delivery mechanisms for courses
include live offerings, transition through third-party educators, and transmission over satellite.

We also provide guidance and advice to educators and trainers. These services manifest
themselves in instructor training offerings, conferences focused on the needs of software en-
gineering educators, consultation with instructional designers, presentations and panels at
professional society events, and dissemination of information about software engineering ed-
ucation consortia.

The end users for our education products and services are professionals in industry and gov-
emment who acquire, develop, and maintain software. We reach our end users through peo-
ple and institutions in the existing educational infrastructure of the United States (the higher
education system, education vendors, in-house educators, government schools, and satellite
broadcasters such as National Technological University).

4.5.1.1 Five-Year Plan

4.5.1.1.1 Goals

Our goals are (1) to assure that by 1999 high-quality software engineering education is widely
available through traditional channels and existing infrastructure (in-house programs, univer-
sity programs, vendors, and national satellite broadcasting), with effective use of education
delivery technologies, and (2) to raise by 1999 the accepted educational standard for
practicing software engineers and their managers.

The achievement of these goals will be demonstrated by the existence by 1999 of a well-pop-
ulated national network of software engineering education delivery. The network will be com-
posed of (1) universities offering graduate and continuing education programs in software en-
gineering, (2) satellite receiving sites at 80 percent of major industrial and government sites,
where high-quality software engineering courses are being delivered remotely and where in-
teractive executive seminars involve managers in better decision making for software produc-
tion and maintenance, (3) in-house programs at 80 percent of major industrial and government
sites where software development and maintenance are key activities, and (4) geographically
dispersed consortia of university and industry members (often associated with SPIN groups)
who pool resources and expertise to satisfy their software engineering educational needs.

This increased availability and exposure to the content and delivery quality of existing software
engineering courseware will lead to higher expectations for quality offerings and for well-
qualified software engineers. By 1999 software engineers and their managers will routinely
engage in software engineering education because it is recognized as essential to maintaining
national competitiveness in the field and because it is available at a reasonable cost and with
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minimal disruption to personal and business life. Software development organizations will

show this increased focus on employee development through corporate or site software-
specific training plans, employee recognition for educational achievement in software
engineering, and the inclusion of educational activities in each employee's development plan.

4.5.1.1.2 Strategy

The strategy for accomplishing our goal is the following:

" Develop and deliver courses, courseware, and seminars to both universities
and continuing education organizations. Maximize distribution through the
use of satellite broadcasting where appropriate.

" Develop and deliver software engineering courses appropriate for academic
or industry/government environments, with videotaped lectures and
accompanying support materials, such as sample examinations and
completed exercises.

" Conduct courses for executives to help organizations move to higher levels
on the SEI CMM. Topics include process improvement, quality improvement,
productivity improvement, risk management, and metrics. These courses are
designed to encourage leaders and decision makers to develop and
implement improvement plans for their organizations.

" Use a team approach to course development so that economies of scale and
reuse can be maximized, with tailoring of products for specific audiences
(academic, non-academic) and delivery mechanisms.

" Train instructors in industry and government to use SEI courseware in their
programs.

" License SEI video-based courseware to education vendors to maximize
dissemination to the software engineering community. Education vendors
have strong existing marketing and delivery capability and reach large
segments of the population, most of which do not have established in-house
education groups who might use SEI courseware on their own.

4.5.1.1.3 Potential Products

Directory of Industry and university consortia (1Q 1994). This directory will list industry
and university consortia that focus on software engineering education. It will identify the geo-
graphical location of each consortium, its purpose, points of contact, and any relevant organi-
zational information and history. The directory can be used by SEI customers interested in
finding a consortium that will help satisfy their software engineering education needs.
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Course on real-time software design and development (10 1994). This is an academic
course that can be used by educators in colleges and universities to teach software design
principles and software construction techniques that are particularly applicable to real-time
systems. The course has a major emphasis on practical application for which Ada-based tech-
nology forms the core of the working environment.

Revision of academic course Software Construction with Ada (20 1994). This is a cur-
rently available course that can be used by educators in colleges and universities. The course
focuses on large-scale software and its development using software components technology
and the Ada language. The updated version will include Ada 9X revisions.

Update of academic course Software Design (20 1994). One of the early courses created
by the SEI for college instructors, Software Design introduces several different methods and
languages for expressing designs, and addresses issues of how to make design decisions and
evaluate the designs of others.

Update of academic course Software Verification and Validation (40 1994). One of the
first SEI courses for educators, Software Verification and Validation addresses the theory and
practice of ensuring high-quality software products. Topics include quality assessment, proof
of correctness, testing, and limitations of verification and validation methods.

Continuing education courses (40 1994). Two to three courses that support key process
areas at levels 2 and 3 of the SEI CMM will be developed. Candidate topics include software
product engineering and issues related to organizational process focus. The courses are ulti-
mately intended for practitioners; the SEI offerings include a train-the-trainer component that
prepares industry and government instructors to teach the course content in their own organi-
zations.

Faculty development seminars (1994-1998). These seminars are held in conjunction with
education-oriented conferences such as the ACM SIGCSE (Association of Computing Ma-
chinery, Special Interest Group for Computer Science Education) Technical Symposium. The
purpose of these seminars is to help university educators improve their ability to teach soft-
ware engineering topics. Topics for the coming years will depend upon the results of the on-
going curriculum work described in Section 4.6.2.

Two courses relating to reuse (1995). These will be continuing education courses, one fo-
cusing on management issues and one addressing more technical topics. Proposed titles are
Managing Software Reuse and Software Reuse Technology.
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Continuing education courses (1995-1998). We will focus development efforts on software
engineering courses that support CMM key process areas, though we will address special top-
ics that may arise in the future. One to two courses will be developed each year, with each
offered twice a year. Topics may include the development of training programs and integrated
software management.

4.5.1.2 One-Year Plan

4.5.1.2.1 Context

This plan continues the work described in the previous year's plan. In 1993, we completed two
new academic courses, one new practitioner course, and two executive courses. We also ex-
ecuted our plans for updating older courses and for delivering courses. Through a relationship
with NTU, SEI academic courses were broadcast by satellite for the first time. In 1994, product
development, upgrading, and delivery will continue with an emphasis on more synergism be-
tween academic and non-academic development activities. In addition, we will build on the re-
lationship we formed with NTU, expanding our course delivery through this transition partner.

4.5.1.2.2 Core Funded Activities

Develop two or three courses for practitioners that support the key process areas at levels 2
and 3 of the SEI CMM. Selection of courses will be made in late 1993; possible topics include
software product engineering and issues related to organizational process focus.

Maintain currently offered practitioner courses, train-the-trainer materials, and executive
courses as needed to sustain high quality of offerings and keep the content up to date.

Maintain up-to-date versions of SEI-recommended core courses for academic degree pro-
grams in software engineering.

Expand delivery mechanisms for courses through the use of third parties such as NTU and
education vendors. More specifically, we will deliver all the academic courses via NTU, either
as direct delivery or through another university acting as our agent (such as we do now with
North Carolina State University). These will be available to more than 300 sites including doz-
ens of U.S. military installations. We will also present one or more executive courses through
NTU, and will obtain three to five licensing agreements with education vendors.

Develop and maintain a directory of industry/university consortia focusing on the development
and delivery of software engineering education to members.
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Deliver these courses at an SEI location (twice each):

* Instructor Training in Software Requirements Engineering

* Instructor Training in Software Design

* Software: Profit through Process Improvement

* Software Quality Improvement

* Software Productivity Improvement

* Software Risk Management

* Managing Software Development with Metrics

Deliver the above courses or tutorials based upon the courses at client sites, conferences, or
education consortia events, as negotiated.

Present at least three papers/panels on effective course delivery at appropriate national con-
ferences.

4.5.1.2.3 TO&P Funded Activities

No TO&P-funded activities are planned for 1994.

4.5.2 Curriculum Influence

Although SEI course development and delivery activities tend to influence other education pro-
viders, there are opportunities for more direct influence on academic software engineering ed-

ucation. U.S. universities have the potential to produce ten to twenty thousand new software
engineers per year, and to provide continuing education to thousands more. SEI activities are
designed to help the academic community realize that potential.

4.5.2.1 Five-Year Plan

4.5.2.1.1 Goals

The SEI works to increase the amount of software engineering taught in U.S. colleges and
universities, thus preparing well-qualified students for the software engineering community in
industry and government. We will measure our success by the number of software engineering
programs and courses that come into existence.
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Our specific goals are to:

" Continue the growth of master's programs in software engineering, at a rate
that will double the number by 1999.

"* Establish the first several (three to five by 1999) university programs leading
to a degree of bachelor of science in software engineering (BSSE).

"* Triple the number of software engineering courses being taught in U.S.
colleges and universities.

4.5.2.1.2 Strategy
There are many barriers that prevent universities from creating software engineering degree
programs. Among the more important are the current lack of credibility of such programs, a
lack of detailed model curricula, the relative lack of textbooks and other educational materials
to support teaching software engineering, the lack of qualified faculty, the lack of financial and
other resources, and the perception that industry is not demanding software engineering grad-
uates. The SEI strategy to remove these barriers is to

"* Develop, refine, and promote model curricula for bachelor's and master's
programs in software engineering.

"* Work with professional societies to establish the credibility of software
engineering curricula.

" Work with industry and government software organizations to identify and
publicize their needs for software engineers.

" Develop and disseminate educational materials that facilitate the teaching of
software engineering.

" Help university faculty develop their abilities to teach and conduct research
in software engineering.

" Offer direct advice to universities on curriculum design and implementation.

4.5.2.1.3 Potential Products
Conference on Software Engineering Education (hold annually). Held in cooperation with
ACM and the IEEE Computer Society, this conference gives educators and others the oppor-
tunity to share experiences and expand their knowledge of software engineering education
and training. The conferences includes in-depth tutorials, formal presentations, exhibits, and
many opportunities for informal discussion.
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1994 SEI Report on Software Engineering Education (40 1994). This report is primarily for
university educators, but readers also include members of the industry and government com-
munity which university students will enter upon graduation. The report will discuss the content
and structure of software engineering curriculum and issues such as accreditation, faculty de-
velopment, and the evolution of software engineering from (or within) computer science.

Educational materials (1994-1998). These materials support educators (primarily those in
universities) in teaching software engineering topics. Educational materials may be lecture
notes, exercises, examples, case studies, or annotated bibliographies. Some are multimedia
packages that include diskettes or videotape. All provide pedagogical advice on how to use
the package. in 1994, plans are to publish 12 sets of educational materials, one set a month.
Potential topics are software process, formal methods, requirements specification, object-
oriented methods, and software architectures. Future tapes depend on the results of ongoing
curriculum design work.

Revised model curricula (1995-1998). We will revise and publish updateo versions of curric-
ula for bachelor's and master's programs in software engineering.

4.5.2.2 One-Year Plan

4.5.2.2.1 Context
This plan continues the work described in pr6,ious plans. Now that we have first versions of
model curricula for graduate and undergraduate software engineering programs, we will in-
crease the emphasis in 1994 on creating educational materials and on working directly with
universities who want to implement those curricula. There will also be increased emphasis on
achieving more widespread awareness of SEI curriculum work and widespread distribution of
products that support software engineering educators.

4.5.2.2.2 Core Funded Activities
Approximately half the effort to influence curriculum development will be devoted to creating
educational materials. The other half of the effort will include all other product development
and strategic activities. This includes designing curriculum; writing technical reports; working
with universities, industry, and professional societies; conducting the Conference on Software
Engineering Education (CSEE); and disseminating new and existing products.

The products resulting from our core-funded activities are described in Section 4.5.2.1.3, Po-
tential Products.

4.5.2.2.3 TO&P Funded Activities

No TO&P-funded activities are planned for 1994.
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4.6 Services in Technology Transition

Responding to software engineering managers' and practitioners' needs for advice and guid-
ance on software engineenng improvements, the SEI develops, delivers, and transitions ser-
vices that help SEI customers improve their ability to define, develop, maintain, and operate
software-intensive systems. To accelerate the widespread adoption of effective software prac-
tices, we work with organizations that are influential leaders in the software community, pro-
mote the development of infrastructures that support the adoption of improved practices, and
transition capabilities to government and commercial partners for use with their customer or-
ganizations.

Our role is to provide direct support and guidance to DoD and other govemment organizations.
Our aim is to help them build their internal capacity to initiate and sustain continuous improve-
ment in their software development and maintenance process and in the processes they use
to adopt and institutionalize new technologies. Our experience tells us that routine and effec-
tive transition of technology occurs more effectively once an organization has defined its soft-
ware management processes and occurs more profitably when those processes are mature.

Since an organization must first learn to manage its software processes before profiting from
the adoption of new technologies, our first focus is helping client organizations build and
sustain continuous software process improvement. This is the foundation for continuous
technology transition. Once an organization becomes effective at managing its technical
process, it can apply its planning, organizing, and management skills to the adoption of other
(non-process) technologies that apply to the organization's software development activities.

As an example of the type of organizations with which we work closely, these organizations
are four of our major TO&P customers for SEI services as of June 1, 1993: Army Materiel
Command, Air Force Materiel Command, Air Force Standard Systems Center, and ARPA's
STARS program.

4.6.1 Five-Year Plan

4.6.1.1 Goals

It is our goal to foster improvement in software practice by working directly with the DoD soft-
ware community and assisting the community's efforts to institutionalize continuous process
improvement and technology transition. It is our plan to support our customers' improvement
efforts so that by 1999 SEI process improvement customers will be operating with basic soft-
ware management processes in place and many will be using a standardized, integrated, or-
ganization-wide software process. Because of this, they will have in place standard planning
and organizing procecses for improvement that they can apply to technology transition. Many
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of these organizations will have developed the capacity for long-term continuous improvement

and will have organizational infrastructures in place to facilitate both improvement and contin-

uous technology transition.

By 1999, software organizations will have acquired more experience in managing the contin-

uous changes associated with process improvement and technology transition, and will have

in place strategies for managing continuous change more effectively than they do in 1993.

These organizations will have in place units that are focusing on technology transition in sup-

port of their organization's ongoing improvement activities and the ability to meet the needs of

rapidly changing market and technological environments.

The five-year plan of services in technology transition is to provide direct support to organiza-

tions engaged in continuous process improvement; help those that are ready to retarget some

of their efforts toward continuous technology transition; provide a structured approach to tech-
nology transition; and transfer that approach to DoD software organizations. We also plan to

develop and transfer approaches, tools, and techniques that support the transition of technol-

ogies related to technical environments, managerial process environments, and organization-
al environments.

4.6.1.2 Strategy

The strategy of services in technology transition is to:

"* Continue developing and providing a structured approach to cortinuous
process improvement.

"• Provide direct support to software organizations that will enable therr to
develop their internal capacity for (1) improving their software processes, (2)
managing the organizational and personnel changes associated with
process improvement, and (3) creating an infrastructure and strategies for
continuous technology transition.

"* Work directly with software organizations to prepare them foi effective
technology transition, and advise them on interim technoiogies that can be
used in support of continuous technical and nontechnical process
improvements.

"* Provide training and assistance to support continuous technology transition.

"* Transfer to the DoD software community the capability to deliver the training
and services we currently provide.

" Continue developing approaches and tools for enabling organizations to
undertake technology transition more effectively.
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4.6.2 One-Year Plan

4.6.2.1 Context

During 1993 the SEI has worked with its customers to develop, pilot, and refine the basic struc-
tures and mechanisms necessary to support process improvement, technology transition, and
organizational development activities. Initial work on technology transition strategies and
guidelines, process improvement strategies and guidelines, and basic material for technical
and nontechnical organizational interventions has been completed. In addition, work with cli-
ents has refined the SEI approach to the transition of technical assessments and risk assess-
ments. These efforts have laid the foundation for broader transition activities during 1994.

4.6.2.2 Core Funded Activities

No core-funded activities are planned for 1994.

4.6.2.3 TO&P Funded Activities

During 1994, the SEI will continue to concentrate on providing services to the DoD software
community. We plan to do the following:

" Advance the risk technology and method of enabling clients to identify,
manage, and communicate software risks in a systematic and structured
way; integrate this strategy and method with other process improvement
activities.

" Pilot the integration of open systems architectures, CASE, reuse, and
architecture models into ongoing client improvement programs.

" Continue the strategy of transferring the capability to teach the currently
existing Managing Technological Change course and the Consulting Skills
Workshop to DoD organizations. Conduct trainer certification programs for
these activities.

" Provide organizational services to clients that enable them to conduct
software process improvement or technology transition activities effectively.
Work with senior management in executive team development, vision
setting, strategic planning, and aligning organizational systems to support
innovation. Further, we will work with client organizations to build sustainable
infrastructures for improvement, analyze nontechnological barriers to
improvement or technology transition, and provide advice and guidance on
organizational issues affecting clients' ability to meet their strategic goals.
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Work with client organizations to refine and document approaches to
planning, organizing, and managing continuous improvement efforts. The
resulting improvement roadmaps will be piloted in both DoD and commercial
organizations. Use this activity to integrate our evolving approaches to
process improvement and provide feedback into new product and service
development activity.

* Broaden the DoD and software community process improvement and
technology transition infrastructure by expanding the SEI network of
distribution partners; licensing these partners to distribute additional SEI
products, services, and technologies; and sponsoring public forums such as
the annual SEPG National Meeting and facilitating semi-annual process
improvement and technology transition workshops.
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5 Relationship of Focus Areas to Software Topics

The SEI has grouped its particular technical activities in the four focus areas of process, risk,
methods and tools, and real-time systems to address root causes of software problems. These
focus areas continue to be appropriate groupings of the technical activities for the SEI. The
same root causes, however, can be seen with equal validity from other perspectives. Current
perspectives of interest include reuse, reengineering, testing, software maintenance, simula-
tion, and open systems.

In the subsequent paragraphs, each of these topics of current interest will be discussed in the
context of the SEI activities to which they relate.

5.1 Reuse

Software reuse involves the application of existing solutions to the problems of system devel-
opment. In its methods and tools focus area, the SEI has synthesized and expanded on sev-
eral traditional uses of software reuse and reengineering within the context of domain analysis
and structural modeling (see Section 3.4.1.2).

Although most organizations do some kind of reuse in an unordered manner, the cost effec-
tiveness of reuse grows when the assets are collected into a library and given parameters. The
SEI is collaborating with other DoD initiatives in this area, such as Corporate Information Man-
agement (CIM), STARS, and CARDS.

In addition, the SEI is developing the basis for an expansion of the reuse model by focusing
on a more comprehensive domain analysis. The underlying theory and knowledge of domain
experts and existing software is currently being collected, organized, and analyzed within a
specific area of knowledge and experience. The SEI has developed a feature-oriented domain
analysis (FODA) method that develops a domain model and one or more software architec-
tures to support the model (see SEI technical reports CMU/SEI-90-TR-21 and CMU/SEI-91 -

TR-28). One architectural method is referred to as structural modeling. These methods have
been applied in the movement control domain (Communications-Electronics Command, Army
Tactical Command and Control System), flight simulation (Ada Simulator Validation Program
(ASVP), Advanced Millimeter-Wave Seeker, Aeronautical Systems Center Training Simulator
Office), design simulation (Air Force Electronic Combat Office), and radar (construction of a
radar to operationally simulate signals believed to originate within the Soviet Union
(CROSSBOW-S)), Joint Modeling and Simulation System (J-MASS).

The domain analysis concept can be used to give added value to other complementary ap-
proaches. For example, a reverse engineering approach establishes a model of existing soft-
ware for potential future forward engineering. As a result, a model established from a reverse
engineered system can be one important component of an overall domain model for an area.
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5.2 Reengineering

In the last several years, there has been significant discussion about the legacy of software
systems and reengineering. As a result of this attention, reengineering tools have begun to ap-
pear. Their focus is primarily on deriving information from code of legacy systems (reverse en-
gineering), on restructuring and retargeting code, and on mapping derived design information
into a new implementation. In particular, several tools exist to migrate information systems im-
plemented in COBOL to new platforms and to upgrade their data representation into a rela-
tional form.

While reengineering tools will help in certain aspects of reengineering, reengineering is no
more about tools than engineering is about tools. Just as engineering implies a disciplined pro-
cess supported by engineering methods and automated tools, reengineering practice requires
a disciplined process supported by methods and tools. In short, reengineering is viewed as an
engineering problem that requires a quantitative analysis of the problem, and consideration of
engineering tradeoffs in its solution.

In response to ARPA guidance, the SEI proposes to address reengineering issues through its
work in methods and tools (see Section 3.4.1.2) as well as contributions from throughout the
SEI. Activities specific to reengineering are the development of a conceptual framework for re-
engineering, the assessment of the state of current practice in reengineering, and an SEI-
sponsored workshop on reengineering as a forum in which the foundation for a guide to best
reengineering practice will be laid (see Sections 3.4.1.3 and 3.4.2.2). It is expected that the
SEI will be involved in external projects that have a reengineering character as case studies,
including the STARS demonstration projects. The SEI also expects to cooperate with existing
activities related to reengineering, in particular the Joint Logistics Commanders (JLC) Joint
Policy Coordinating Group on Computer Management addressing reengineering policy mak-
ing. More details are described in the SEI report Reengineering: An Engineering Problem
(CMU/SEI-93-SR-5).

5.3 Testing

Due to budget cuts, the feasibility study on software testing that we had planned for 1993 was
never started. This study would have investigated current and emerging technology for soft-
ware testing, thus complementing our work on fault tolerance technology.

During 1994, if funding and staffing permit, we will attempt to address some of the goals of the
software testing study. Anticipated results could include a standard vocabulary for describing
system testing requirements, and assessments of available testing methodology that address-
es design for tests, criteria for determining the adequacy of tests, and the relationship of test-
ing to software verification and certification. The best practices in software testing could then
be incorporated in the Software Developer's Handbook.
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5.4 Software Maintenance

The SEI does not distinguish between maintenance and development since we believe in a
continuous evolutionary model of software in which "maintenance" activities are additional it-
erations of the spiral. Maintenance-related issues are included in the context of reengineering
(see above and Sections 3.4.1.2, 3.4.2.2, and 3.4.2.3) and in the work on software process,
risk, methods and tools, and real-time distributed systems.

5.5 Simulation

Our technical approach to simulation is based on structural modeling, a domain-specific soft-
ware architecture design methodology. Structural modeling was developed to support real-
time training simulators and has been successfully used on B-2, C-17, Special Operations
Forces Aircrew Training System (SOF-ATS), and Simulator for Electronic Combat Training
(SECT) programs. In addition, the Introduction to Structural Modeling is currently part of the
bidder's library of the Air Force Aeronautical Systems Center Training Simulator Office
(ASC/YT), and it is cited in requests for proposals.

Structural modeling is expanding to additional domains. Most of these activities are described
under the subsection on structural modeling technology products in Section 3.5.1.3. Additional
SEI work on simulation includes a recent study of languages for simulation (sponsored by the
Defense Modeling and Simulation Office) and development of automatic benchmarks for dis-
tributed simulation (sponsored by Simulation, Training, and Instrumentation Command (STRI-
COM)) to be reported in a 1994 report: Benchmarking Technology for Distributed Interactive
Simulation (DIS).

5.6 Open Systems

The SEI contributes to the development of open systems in several ways. Our focus on pro-
cess improves the openness of process-centered, computer-aided software engineering
(CASE) environments by promoting a more defined and standardized software process (pro-
cess asset library, capability maturity model, and the International Standards Organization
(ISO) 9000). Our focus on technical risk assessment addresses issues regarding the open-
ness of systems and the resulting tradeoffs. Through our focus on methods and tools, we ad-
dress development of application systems through the use of domain models and common
software architectures leading toward more flexible system implementations that can be
adapted and reused. One of the domains is CASE environments (i.e., the integration of CASE
tools into an effective software engineering environment), and the SEI is involved in several
environment standardization efforts. Through our focus on real-time distributed systems, we
are addressing issues in applications-that is, elements of an application implementation rel-
evant to the execution of the application system.
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Through our focus on real-time distributed systems, we contribute to the use of open architec-
tures to promote reuse and interoperability. We participate in the development of the IEEE
1003 family of standards (POSIX) with special emphasis on meeting dual-use requirements.
We are also examining issues associated with use of open architectures, such as the metrics
that are necessary for system developers. These activities are described in Section 3.5.1.3.
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Appendix A Currently Available SEI Products and
Services
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EhIRUFUNME* EX-M

ntroduction to Rate Monotonic Analysis (videotape) 
CWHartstone (software) 

V

ut (softw

11 7Serpent (software) V

Applying Software Engineering Skills to Writing V
(videotape)

Conference on Software Engineering Education (event) V

Executive Leadership for Software (videotape) V

Formal Methods in Software Engineering (course) V

Software and Some Lessons from Engineering V
(videotape)

Software Construction with Ada (course) V

Software Design, Creation, and Maintenance (course) V

Software Productivity Improvement (course) V

Software: Profit Through Process Improvement (course) V

Software Project Management for Academia (course) V

Software Project Management for Industry and V
Government (course)

Software Quality Improvement (course) V

Software Requirements Engineering (course) V

Software Risk Management (course) V

Software Specification (course)

Software Verification and Validation (course) V
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Consulting Skills Workshop (course) V •

Executive Overview for Managing Technological Change V
(course)
SManaging Technological Change (course) V •

SEPG National Meeting (event) V •

i /SEI S~ympossiurm (event) -- • •

Visitors Day (event) _ _ _ _ _
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Appendix B Resident Affiliates

Name Total to One Affiliate In
Date Resewnce

as of 19 July 1993
AT&T Bell Labs 1

Boeing 1

Computer Sciences Corporation 4

GE Aerospace 2

General Dynamics 1

GTE Government Systems 3

. Hughes Aircraft Company 4

w IBM 5 -

Lockheed Missiles & Space Co., Inc 1
= Pacific Bell 2

Paramax 22
Process, Inc. 1 .

Raytheon Company 1

Siemens Corporate Research 1

SYSCON Corporation 1
TeleSoft 1
Texas Instruments 2 4'
Westinghouse Electric Corporation 3
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Name Total One Affiliate In
to Date Residence

as of 19 July 1993

Naval Air Development Center 2

Coastal Systems Station 1

Naval Ocean Systems Center 3 o

>. Naval Surface Warfare Center 3
Uz Naval Undersea Warfare Engineering Station 1

Naval Undersea Weapons Engineering Station 1

Naval Weapon Center 2
Z Naval Air Warfare Center 1

Ez Communications-Electronics Command 6

UJ-
> Air Combat Command 1
0 * Air Force Institute of Technology 5

o Air Logistics Center 1
U.

Electronic Systems Center 3 o

< Space Command 1

Standard Systems Center -

w-c Department of Defense 6 o

0
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Appendix C Transition Partners
Below are current SEI transition partners who make products available either separately from,
or in addition to, direct distribution from the SEI.

Company Product

Telos Consulting Services RMA-based course:
Gentry Gardner • Guaranteeing Real-Time
5526 N. Academy Blvd., Suite 203 Performance
Colorado Springs, CO 80918
Phone: (719) 260-1333
FAX: (719) 260-0022
E-mail: ggg @telos.com

Kluwer Academic Publishers RMA Handbook
101 Philip Drive (A Practitioner's Handbook
Norwell, MA 02061 for Real- Time Analysis:
Phone: (617) 871-6300 Guide to Rate Monotonic
FAX: (617) 871-6528 Analysis for Real-Time
E-mail: kluwer@world.std.com Systems)

National Technological University SEI Academic and
Ellen Stafford Continuing Education
700 Centre Avenue Courses
Fort Collins, CO 80526-1842
Phone: (303) 495-6424
FAX: (303) 485-0668
E-mail: ellen.stafford @ ntupub.ntu.edu

Tri-Pacific Consulting Corporation RMA-based courses:
Russell Plain * RMA Overview
1070 Marina Village Parkway, Suite 202 * Software Design Using
Alameda, CA 94501 RMA
Phone: (510) 814-1770 * Systems Engineering Using

(800) 438-8064 RMA
FAX: (510) 814-1788 * RMA Management
E-mail: 76434.117@CompuServe.COM Overview
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C ompany Product

Defense Technical Information Center SEI publications
ATTN: FDRA
Cameron Station
Alexandria, VA 22304-6145
Phone: (703) 274-7633

Research Access Inc. SEI publications
800 Vinial Street
Pittsburgh, PA 15212
Phone: (412) 321-2992 or 1 (800) 685-6510
FAX: (412) 321-2994

National Technical Information Service SEI publications
Department of Commerce
Springfield, VA 22161-2103
Phone: (703) 487-4600

Addison-Wesley SEI Series in Software
Computer Science and Engineering Marketing Engineering
Jacob Way
Reading, MA 01867
Phone: (617) 944-3700, x2396

MIT X Consortium Distribution Library Serpent

American Management Systems Inc. SPA
Ron Brown
1455 Frazee Road, Suite 315
San Diego, CA 92108
Phone: (619) 297-5800
FAX: (619) 297-3005

Arthur D. Little Inc. SPA
Joseph Puffer (617) 498-5691
Paul Scheib (617) 498-5692
Acorn Park
Cambridge, MA 02140-2390
FAX: (617) 498-7262
E-mail: /PN=PAULA.M.BENNETT/0=ADLITTLE/

ADMD=TELEMAILIC=USS/@spnnt.com
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Company Product

Booz-Allen & Hamilton SPA
Joel Stream
4330 East West Highway
Bethesda, MD 20814-4455
Phone: (301) 951-4698
FAX: (301) 907-4481

Dayton Aerospace Associates Inc. SPA
Jim Waite
4141 Colonel Glenn Highway
Suite 252
Beavercreek, OH 45431
Phone: (513) 426-4300
FAX: (513) 426-1352
E-mail: 73052,1026@compuserve.com

Defense Information Systems Agency SPA
Evelyn M. DePalma (government clients only)
Center for Information Management
701 South Courthouse Road
Arlington, VA 22204-2199
Phone: (703) 285-6584
FAX: (703) 285-6594

Digital Equipment Corporation SPA
Mark Rabideau
711 Nob Hill Trail
Franktown, CO 80112
Phone: (303) 649-3484
FAX: (303) 660-9217

pragma Systems Corporation SPA
Rebecca Bowerman
8704 Lee Highway
Suite 303
Fairfax, VA 22031
Phone: (703) 560-4669
FAX: (703) 849-8839
E-mail: pragma@grebyn.com
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Company Product

Process Inc. SPA
Louise Hawthorne
829 Norwest Road
Suite 806
Kingston, Ontario K7P 2N3
Phone: (613) 531-9972
FAX: (613) 384-9383
E-mail: lhawthor@sei.cmu.edu

Process Enhancement Partners Inc. SPA
Judah Mogilensky (301) 589-1037
Mark Manduke (703) 222-6159
1902 Rookwood Road
Silver Spring, MD 20910
FAX: (301) 589-0524
E-mail: jmogilen@sei.cmu.edu (Judah Mogilensky)

mmanduke@sei.cmu.edu (Mark Manduke)
Compuserve: 72172,1012

Software Productivity Consortium SPA
Jerry Decker (703) 742-7216
Jack Hofmann (703) 742-7279 Executive Leadership for
SPC Building Software videotape
2214 Rock Hill Road (available to SPC members)
Herndon, VA 22070
FAX: (703) 742-7360
E-mail: decker@software.org (Jerry Decker)

hofmann@software.org (Jack Hofmann)

Technology Applications Inc. SPA
Dale Luddeke
6101 Stevenson Avenue
Alexandria, VA 22304
Phone: (703) 461-2116
FAX: (703) 461-2299
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Company Product

Technology Integration Center SPA
Maj. Mark Lewis (government clients only)
U.S. Air Force
HO AFC4A/XPSP
203 West Losey Street, Room 1020
Scott AFB, IL 62225-5219
Phone: (618) 256-5697
FAX: (618) 256-2874
E-mail: lewis@afc4a.safb.af.mil (Maj. M. Lewis)
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List of Acronyms

AAS Advanced Automation System
ACM SIGCSE Association of Computing Machinery, Special Interest Group for Computer

Science Education

AFMC Air Force Materiel Command

AFMC/ESC Air Force Materiel Command/Electronic Systems Center

AJPO Ada Joint Program Office

ALT Advanced Leaming Technologies

AMC Army Materiel Command

AMORE Advanced Multimedia Organizer for Requirements Elicitation

ANSI American National Standards Institute

ARPA Advanced Research Projects Agency

ASVP Ada Simulator Validation Program

ATIS A Tools Integration Standard

AWACS Airborne Warning and Control System

BMD Ballistic Missile Defense

BSSE bachelor of science in software engineering

CARDS Central Archive for Reusable Defense Software

CASE computer-aided software engineering

CCTT Close Combat Tactical Trainer

CIM Corporate Information Management

CM configuration management

CMM Capability Maturity Model

CMU Carnegie Mellon University

COTS commercial off-the-shelf

CROSSBOW-S construction of a radar to operationally simulate signals believed to
originate within the Soviet Union

CSEE Conference on Software Engineering Education
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DIS Distributed Interactive Simulation

DMSO Defense Modeling and Simulation Office

DoD Department of Defense

DSMC Defense Systems Management College

DSSA Domain Specific Software Architecture

DTIC Defense Technical Information Center

EDRC Engineering Design Research Center

ESF Eureka Software Factory

ESIP Embedded Computer Resources Support Improvement Program

FAA Federal Aviation Administration

FFRDC federally funded research and development center

FODA feature-oriented domain analysis

12M2 intelligent, interactive multimedia

IBM International Business Machines

I-CASE integrated CASE

IEEE Institute of Electrical and Electronic Engineers

IPSE integrated project support environments

ISEE integrated software engineering environment

ISO International Standards Organization

ITC Information Technology Center

JLC Joint Logistics Commanders

J-MASS Joint Modeling and Simulation System

KPA key process area

LAS Aircraft Software Division

LCSS life-cycle software support

MBSE model-based software engineering

MIS management information systems

MTTD mean time to defect

NAPI North American PCTE Initiative
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NASA National Aeronautics and Space Administration

NAVAIR Naval Air Systems Command

NAVSUP Naval Supply Systems Command

NAWC Naval Air Warfare Center

NGCR Next Generation Computer Resource

NIl National Information Infrastructure

NIST National Institute of Standards and Technology

NOAA National Oceanographic and Atmospheric Administration

NRC Nuclear Regulatory Commission

NSA National Security Agency

NTIS National Technical Information Service

NTP National Technology Policy

NTU National Technological University

OC-ALC Oklahoma Air Logistics Center

ONR Office of Naval Research

PDM predictive decision model

PDSS post-deployment software support

PEO program executive officers

PM program manager

PSESWG Project Support Environments Standards Working Group

PVM Process Value Method

R&D research and development

RAI Research Access Inc.

RMA rate monotonic analysis

ROI return on investment

SAIL Systems to Automate and Integrate Logistics

SCE Software Capability Evaluation

SCS School of Computer Science

SDIO Strategic Defense Initiative Office
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SECT Simulator for Electronic Combat Training

SEE software engineering environments

SEI Software Engineering Institute

SEPG Software Engineering Process Group

SOF-ATS Special Operations Forces Aircrew Training System

SPA Software Process Assessment

SPD Software Process Definition

SPICE Software Process Improvement Capability dEtermination

SPIN Software Process Improvement Network

SPM Software Process Measurement

SRE Software Risk Evaluation

SSF Space Station Freedom

STARS Software Technology for Adaptable, Reliable Systems

STRICOM Army Simulation, Training, and Instrumentation Command

STSC Software Technology Support Center

SWAP-WG Software Action Plan Working Group

TBQ Taxonomy-Based Questionnaire

TC Technical Committee

TI Texas Instruments

TO&P technical objectives and plans

WG Working Group
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